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INTRODUCTION 


This book is written for Christians who arc interested in the 
biological theory of evolution and its implications. I have written 
as a Roman Catholic and hence my information regarding the 
theological and philosophical parts of the book has been mosdy 
obtained from Catholic sources. But inasmuch as the inter¬ 
pretation of evolution may affect the Christian and not specifically 
denominational outlook, a Catholic approach to the subject should 
be of interest to all Christians particularly regarding the origin of 
man which has received detailed treatment. I have not attempted 
to cover the whole field in this respect. 

Parts of the book are not easy to read, and it is not meant to be a 
‘popular’ book on the subject. It should be useful to scientifically- 
minded and intelligent laymen and also to many students. Sixth- 
fotm students taking biological subjects should find many parts 
of the book informative, providing much material for debates or 
discussions. Many Church and scholastic groups should also find 
it useful in this respect but, although both laymen and sixth 
formers may find some parts of die book rather advanced, these 
parts could be omitted without detriment to many of the other 
topics discussed. To biologists and University students the book 
gives a point of view which has been neglected in the past, and it 
should increase their realization of the potentialities of the subject 
of evolution. Not all biologists, however, arc necessarily 
evolutionary specialists but all should find the philosophical and 
theological parts interesting. Biology and evolution nowadays 
are highly complicated subjects and it is useless to expect to learn 
anything really worthwhile about them without a good deal of 
mental effort. The main reasons for this difficulty are that 
evolution is now very technical and it is such a vast conception 
embracing several branches of science, and its implications spread 
into non-scicntific domains. One of my chief aims is to present in 
a single volume of manageable size enough information about 
evolution and its implications for man, parts of which will be 
useful to one type of reader and parts to another type, while many 
readers will be able to appreciate the whole book. The book thus 
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ItTTP-ODUCTlON 


hangs together important information about evolution and Its 
XL £ F«tt Of philosophy and theology wh«h » F"«% 
liable only in Miatc and diverse ™km«. 'Hence m * took 
of this kind a writer must of necessity chaos* his material from 
aojunfc an abundance of information, and his choice, lcl par: 
least must be subjective. Some readers may thus find that some 
point which they consider to be important has |*=n omitted. I 
hope, that critics and reviewed will bear this difficulty m maid. 
Toovercome it the book would have to be Steady enlarged, thus 


defeating one of Its aims. , 

I only claim to be writing as a Catholic profcssioml biologist 
who has spent a good deal of his life in a quari-plrilosOphteal 
ktmosphere, and hence I ask the professional philosophers 
(ole-radon if there Js anything in the bcok to make hrtfl smile. 1 
have ventured into the philosophical field before and realize the 
demands the philosopher makes Od the use of language- I ask Mir 
the same toleration, hut with even greater force, for the theological 
parts of the hook, and O-n matters touching Faith l claim, no 
originality, I submit willingly to the authority of my superiors :n 
such matters. The book is not written specifically for Catholic 
philosophers and theologian*, hut they should he able to obtain 
sound information from the biological parts of the book which 
may be useful to them. The opinions of a Catholic biologist 
about the status and implscabons of evolutionary theory should 
also be of interest to them. 

I think it is appropriate in a book of this kind, published in the 
centenary period of the oublicatiort of Charles Duwin a Origin ef 
Sptati, to include in it a serious, but fairly short, version of the 
Idnd of evidence on which the theory of evolution is based. There 
is a tendency nowadays for some writers on evolution to omh the 
'Evidence 1 With the excuse that there arc many textbooks contain¬ 
ing it, or that the theory is SO obvious and widely accepted that it 
is no longer necessary to give the evidence for it. It is, however* 
really sutprialng how few available textbooks then; are giving 
concise and accurate accounts of the evolutionfliy evidence and 
including at least some of the modern extensions* but which are 
yet long enough to impslt some real information. It may be 
surprising to many evolutionists to be told that there (UPC in fact 
quilt a number of intelligent people who do not consider that 
evolution is anything mote than a working hypothesis. Even 
W-V 
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when the evidence Is given in textbooks, cntidSmS and difficulties 
arc often omitted, except in the oiuet Darwinian literature where, 
efflphask was s* often laid on evolution versus special creationism. 
In this literatuce the difficulty raised by the crick was so often [eft 
in the air. 

I have, therefore, tried to introduce some criticisms and 
difficulties into tny account of the evidence—very many more 
could be given, 3 do not expect all biologists, to agree with all my 
opinions, but I hope thereby that my Colleagues do not get the 
impression that I am a sceptic, which 3 aci not, although r do not 
by any means accept everything that is written about evolution, 
This remark applies with greater force when an evolutionary 
writer leaves the purely biological field. In evolutionary matters 
there is much room for opinion and I have not hesitated to give 
my OWH which may not necessarily coincide with the mom 
popular biological opinion. I think it is cleat from the text when 3 
am stating a personal opinion. 

I would like my book to be at least one biologist^ acknowledg¬ 
ment of the great work of Charles Datwin who did a tremendous 
service to biology, Datwlrl was a genius, and kite ail such people 
be was misunderstood bv many others. Mid like all geniuses he had 
to suffer the adverse effects of criticism, but be gave a theory to 
biology which the writer thinks will ultimately prove to be 
fruitful and bring religion and biology, especially in the sense of 
the study of man, together in a harmony beneficial to both and 
to the lasting advantage of both, because truth is indivisible. 
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EVOLUTION 


A gas, a flash— 

Nature’s primeval mass; 

By fiat crawled forth 
A quivering mass of gd. 

Through the years from this arose 
Fish, frog and feather. 

And last of all came Man, 

With strength, beauty, brain. 

To dominate and explain 
The vibrant plasm. 

At God’s command all nature’s array 
Holds sway 
In ordered fashion. 

But genius, wisdom, calculation 
Through the ages engendered 
An idea of lawful change 
In Darwin and Wallace 
Of sdcctio-mutation, 

*Omnc vivum ex vivo,’ 

Being, becoming being, 

In a word—evolution 1 

(Margaret M. Fothergill, VIA, 

La Sagesse Convent High School, 

Newcastle-upon-Tyne) 




Chapter I 

Scientific Method, Religion and Biology 

I. INTRODUCTION 

In a foreword to a collective work on evolution Henry Fairfield 
Osborn, who was a pupil of T. H. Huxley, and who became one of 
the greatest of American biologists, said of the word evolution : 
‘No word in any language at the present time is so comprehensive 
as this; few words are so misunderstood.*' Statements of this type 
arc rarely literally true, but nevertheless they serve their purpose, 
and Osborn succeeds in making us stop to think. We tend to ask 
ourselves: what does he mean by this statement? And so our 
interest is aroused. Osborn’s last phrase is true and indeed for 
many partially informed people the word evolution conjures up 
thoughts of the discrediting of religion, because they seem 
anxious to seek a way of escape from the responsibilities implied 
in Christian teachings. On the other hand, some religious people, 
equally misinformed, look with disdain on those who hold 
evolutionary views; they consider them to be supporters of a 
pernicious, atheistic doctrine and enemies of Christianity. Yet it is 
a fact that evolutionary theory is one of the great generalizations 
of biology, i.e. of the science that deals with all living things, 
including man. This is the centenary period of the publication by 
Charles Darwin of his great book The Origin of Species. This book 
was sold out on the very first day of publication, and sub¬ 
sequently it went through numerous editions right up to the 
present time—a new issue was published by Everyman’s Library 
in 1956. From 1859 onwards a new oudook seized hold of 
biologists; the rate of biological research increased very rapidly, 

1 1918, Full reference 10 books and papers mentioned in the text trill be found in 
the bibliography. To find any particular reference refer to the date in the footnote 
at the bottom et the appropriate page in the text, or given in brackets after a nunc in 
the text, then look in the bibliography under the name concerned with the year 
corresponding to tbe footnote. At far at possible only standard abbreviations are 
used for all periodicals. These abbreviations will be found in tbe PWd Lirt >/ 
Sckntifit PmeduaJt, 5td cd, by W. A. Smith, F. L. Kent and G. B. Stratton, publ. 
Buttenrorth Scientific Publications, London, 1951. 
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and biology began to take its place along with chemistry and 
physics as a science in its own right- The genius of Darwin lay 
in the stimulation which his main ideas gave to biology and he was 
not essentially an irreligious man. He was not personally anta¬ 
gonistic to religion. Thus there must be a reason, or reasons, why 
even the mention of evolution can sometimes produce strong 
emotional reactions among diverse people. 

It is one of the objects of this book to attempt to give a reasoned 
modem account of evolutionary theory in which its relation to, or 
its bearing on, the Christian religion will be stated and examined. 
What we wish to obtain is a balanced outlook on the matter, 
because we are convinced that both religion and evolution arc 
true and valid spheres of knowledge. We also are convinced that 
our scientific ideas should lead us to God and not away from Him. 
But first the views we have already put forward require an 
explanation. 

Let us then first of all look briefly at the broader issues of our 
subject, that is, at the general relation of religion to science. 
Christianity implies fullness of union with Christ, which means 
that by faith and reason we believe in the truths that Christ taught, 
and we attempt to model our lives on I-Iis teachings and on His 
example. As Catholics we believe that union with the Catholic 
Church enables us to do this most efficiently because the Church 
was instituted by Christ to guide us along the right path and to 
prevent us from failing into error. We ate members of the 
Mystical Body of Christ and hence we have the means and the 
certainty’ of salvation provided we do not sever ourselves from 
that Body. Now what is science ? Simply expressed and in the 
historical sense, science is one way of trying to fathom the nature 
of the world, and indeed of the universe, and of the material things 
in it. The scientist wants to give an explanation of the wotld and 
its contents. He wishes to do this, firstly, to increase our know¬ 
ledge; secondly, to better the material conditions under which 
men live by mastery of the elements of those conditions; and 
thirdly, for delight, pleasure or the earning of one's livelihood. 
The scientist is not a member of any Universal Society, but he 
feels himself to be so. 

In these senses both religion and science are partly theoretical 
and partly practical. But there is this important difference: the 
Christian religion is authoritative and is based on Revelation, 
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Reason and Tool don which springs ultimately from its Pounder. 
The Christian religion gives a sufficient explanation of man's 
nature :n terms of his ultimate end which is to see God. On the 
other hand, science has 110 means of determining roan's ultimate 
end, and without Revelation lit cannot obtain a complete picture of 
the nature of man, Science is primal ily concerned with things and 
with phenomena in nature. Thus science is based Oil reason and 
scientists proceed by using what ate called the inductive and the 
hypOfhetico-deductive methods. To understand wbat science is 
and how it works and the value of its conclusions it is necessary 
to know what 3g meant exactly by these scientific methods. Hence 
a short account of them is now given. 

2. THE INDUCTIVE AND HYFQTIIETICO-DBDLICTIVE 
METHODS OF SCIENCE 

The scientific met bods seek to obtain truth with regard to nature 
through definite Steps involving abjgnkt^n (experience), mtw*- 
Bstnt (experiment) and btftttitie leading to an hypothesis. For 
example, we may make a sufficient number of observations that 
ral l Scandinavians will have both long legs and lung arms. That 
is, in dual inductive method we have reasoned from a particular 
(Q£ from a few particulars;) to a general case, If we have made, or 
make, a large number of observations on Scandinavian and Other 
peoples con we may then form a hypothesis and say that all tall 
men will have long legs arid arma. This hypothesis could now be 
extended to include the relation of tall men to long appendages or 
joints., and we may he tempted to use it as the starting point for 
other observations about long fingers and long joints, and if it 
held we could finally conclude that all tall men lave long append¬ 
ages. If we found a human fossil comprising a few long leg and 
fin get bones we could assert that the. man who bad possessed them 
had bren tall, which conclusion would help the anatomist to re¬ 
construct the individual 

The relation of the inductive method to science just illustrated, 
however, proves CO be too simple and philosophers vaiy in their 
Opinions about this relationship. Some even take an extreme 
VWWf £br example, J.G. Wisdom 1 said chat "induction plays ilO 
part in science'. He will allow that there may be a pattern of 
1 * 9 ]*. 
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inductive inference but no method of induction in science. One 
of the main reasons why he discarded induction was because he 
found that observations were not generally made unless the 
obiervcr saw in them some conflict with attitudes or expectations 
aiready held, i.e. the observer already had a hypothesis before he 
made his observations and these were made to test the hypothesis. 
The path followed was still from particulars to a general and so 
there may be a pattern of inductive inference, but the process 
began with a generalization. As Wisdom 1 wrote: 

The hypothesis is expressed in a general statement, some relevant 
observations arc made and expressed in a particular statement, and 
a conclusion, which is sometimes a prediction, is deduced and finally 
reared by experience. The requirements of the system are then, 
(a) a general expectation, (b) an observation, and (c) a valid deduction. 

The conclusion then becomes the fact to be ‘explained’ and the 
hypothesis is the ‘scientific explanation’ of it. From this it follows 
that if a description of a fact can be put as the conclusion of a 
valid deductive inference then the fact can be made the premiss 
of the inference and the statement becomes the scientific explana¬ 
tion of the fact. This method of reasoning is called the hypo- 
thctico-deductive method. 

G. von Wright, 2 however, has pointed out that the extreme 
views of Wisdom may not be valid. He showed that general izarions 
arise from two types of situations involving (a) a simple in¬ 
ductive method proceeding from particular to general, and (b) a 
hypothetical method which cannot proceed until it introduces a 
new concept or hypothesis. The situation becomes resolved if the 
results verify the hypothesis. This is a method of hypothesis plus 
deduction. But the hypothesis concerned in the method has also a 
conjectural aspect which should make predictions possible. As 
Wright* wrote: 

Thus hypothesis in science frequently has a double function. It 
introduces a new idea to account for observed data. And it makes 
cwtjecturet about the unobserved. The first function presupposes that 
an invention or discovery has beer. made. And inventions arc, as 
Whewell said, ‘happy guesses’, or 'leaps which are out of the reach 
of method’. To fulfil the second function, is to reason inductively. 

Hence induction is seen to be present in the hypothetico-deductivc 
method itself. 

1 i$J*. P- Ji* * tjj7- * i9J7» p. ««6. 
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The Wtitcr, who can give only a personal opinion, considers 
that biology in general, and evolution in particular, use both 
these methods in an interwoven scheme which AS it becomes 
perfected tends to enlist the aid of mathematics which is deductive. 
In practice in biology methods generally used obviously involve 
many comparisons between like things And in doing this we are 
examining a sample from among many possibles. Thus Analogy 
is n&ed and the things compared may belong to different eOnssPS 
Slid 50 analogy may be misused. or pressed too far. as Agnes Aiber 1 
pointed out. According to her there AEe many examples of over¬ 
emphasis of analogies in biology. The mistake seems to lie in 
making the analogy an identity'; the inference drawn from the 
analogy must then be pAttkily fake:. For example, wc may 
examine many, samples of backboned animals And learn that their 
skeletons are very like in many respects; a legitimate inference 
would be that such animals are built around a common plan. But 
the analogy of likeness of the skeletons is often taken to indicate 
an identity and a ■conclusion is then advanced that the likeness is 
due to a common Ancestry or inheritance. This conclusion may be 
true, but it does not follow of necessity from the likenesses of the 
bones. Many biologists itl previous times knew' nf the likenesses 
but never proceeded beyond (he common plan inference, and a 
modem hioEogistj W. R. Thompson, 2 also sees no compelling 
reason to agtee drat likeness speLls genetic aifinity. 

Such a conclusion about common ancestry can be made only 
when other concepts are introduced Into the argument. It seems 
that A System of induction combined with bypothetico-deductlve 
arguments is vary complex And it is easy to see that in practice 
such arguments tend to become Overburdened and circular, and id 
fact may often beg thr question. Foe example, a basic assumption 
of Darwinian and Neo-Daiwinian theory' assumes A likeness, nay, 
even an identity, between "artificial' human selection which 
changes things and 'natural 1 selection which is also believed to 
change things. I-Iaving inferred th* identity and attempted to test 
it (In practice this is done by eliminating opposition) then much qf 
evolutionary theory is built up, and there is now such a mass of 
detail which has accumulated Ovet a long period of time that the 
original Ovet-emphasis on an analogy has been lost sight qf. In A 
sense then tnucb of evolutionary theory begs the question by 
1 isjd- 4 (976. 
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assuming evolution befoic it has been proved. The hypothesis is 
present at the beginning of the argument as it should be in 
hyporherico-deduedvi: method and no doubt this method is 
common in science, but there do seem to be logical dangers in it® 
use unless strict safeguards ate taken. 

If a hypothesis is used frequently and successfully in science it 
becomes established and is then regarded as a theoty. A well- 
established theory which Stands the test of time is often regarded 
as a law* of nature But SOTOC people consider that it is not correct 
to use this word in this sense—a law is something given and has 
compulsive force- Perhaps a better word would be '.rule'- The 
essential feature of such a rule is that it sliouid work and he of 
practical use to scientists in their investigations On similar or 
related observations to those which led co the formulation of the 
rule, and which will enable them to make important predictions, 
A theory is itself a possible interpretation of the facts of oh- 
secvadOflj hut as Caldin 1 pointed OOt, interprets do ns, inasmuch as 
they are further generalisations from the data, often go beyond 
the actual evidence presented. As they ate proceeding from a 
particular co a general they ate teaching out into the unknown but 
still In an empirical bastlion. On the other hand, farther inter¬ 
pretation may he given to a theory so as greatly to attend its 
meaning ar.d this may be done by scientists or by philosophers te> 
lead to a further and more universal generalization. For example, 
some geneticists, because they find that many characteristics and 
functions of organisms are determinisdc, cOnttolled by genes, 
consider also that all human actions ate determined, not by the. 
individual, hut by his genetic make-up.* Again, the theory of 
evolution is A wide generalisation which In a sense unites the 
whole of living things, including man, into one grandiose scheme. 
Such a theory in this wide sense is itself an interptetation of the 
whole of Organic nature, or at least has within itself the inter¬ 
pretation of organic nature at the phenomenological Ecvel- But 
there are other levels at which an interpretation of nature could 
he made especially if the nature of man were: included, and these 
levels would have K> be considered before a comprehensive 
meaning could he given to evolution. By this bmc, however, the 
scientific method would have been left behind and philosophical 
methods would have to be used if progress were to be made. This 

*■ 3^51- 3 Sff. Dhdlngtun, 13JJ, 
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last observation gives us an indication of the limitations of 
science. Thus a theory or interpretation in science does not then 
necessarily give the final answer, and this point also follows from 
the fact that scientists do not assent to absolute truth in science: 
their truth is always relative. Hence although science seeks after 
truth, and although it may find it, it does not give certainty —it 
gives only a degree of certitude, which, according to the evidence, 
may be more certain or less certain. Any scientific theory and its 
wider applications, as history shows, may be scrapped as know¬ 
ledge of nature widens. This does not mean that a discarded 
theory did not have value in its day, as the old Ptolemaic astro¬ 
nomical theory shows—it was quite useful in its day. Incidentally, 
we may note how old ideas persist in common language for we 
still talk of the sun rising and setting when of course the sun does 
not move. We may quote Agnes Arber' in this regard who 
wrote: 

The acceptance of an hypothesis, and its resulting adoption as a 
theory, do not mean that it is ‘proved’, and it is at least a possible 
view that it is to 'authenticate’, or to ‘justify’, rather than to ‘prove’, 
which should be the biologist’s aim. ... In the purely biological, 
and thus autonomous, aspects of science, we are, strictly speaking, 
outside the pale of logic, and there can be no question of certainty or 
proof. We cannot even reach probabilities expressible in mathe¬ 
matical terms; we can only look for psychological probability. 

The true scientist would be the first to acknowledge this 
limitation of his science. 

We can approach the question of the limitations of science from 
another point of view. In general the capability for making 
predictions would indicate a high degree of certitude for the 
theory on which the predictions were based. But it should be 
clear that, if a prediction is posable, then it presupposes, or 
presumes, a certain orderliness in nature—one cannot have a law 
based on chaos. When a scientist decides to carry out some 
research work on some problem, he first of all reads around the 
subject concerned, then he plans his experiments and carries them 
out on the basis of expectancy. He expects to get results of a 
certain kind, and he is prepared for them. Throughout all these 
elaborate preparations the scientist knows that certain things will 
happen or will not happen, otherwise he could not mala any 
1 J*- 
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plans at all. He knows there is ft certain orderly behaviour in the 
things he is dealing with. Normally he realizes, as we all do, that 
there Is order jn nature from his own common-denser TS'hile his 
actual experiments may give an illustration of order la nature, tie 
cm nevet, hy the method of experiment, prove it, for the simple 
reason that the scientific method itself is only possible because of 
order in nature—the lesser csnuOt demonstrate the greater. 
Without order induction, and hypothetico-dcduction would be 
impossible. Actually philosopher! haw long used their methods 
to show that there is order- It seems that it can testily Only be 
formally established through metaphysics, 1 Hence in the final 
analysis science is limited hy its own methods and laws, and the 
justification for these rests u id irately on philosophy, not on 
science. 'Tim mots of science arc metaphysical, not empirical and 
obser rational- 

It is very important to understand the truth of these obser¬ 
vations abont the scientific methods ftnd to understand them 
thoroughly. A lack of appreciation of the Unfits of science in their 
fundamental aspects has undoubtedly led to much pseudo-science 
Md confusion in some scientific writings, especially those on. Such 
a topic as evolution. It is just as important, however, to realise 
also that, while the bases of science may he philosophical, science 
is not metaphysics and metaphysics may only treat With Science 
incidentally. Such a situation at first sight would acem to be 
paradoxical. ^tfhat til* Situation really ifuiitatcs is the necessity 
fot another branch of knowledge which abstracts from science 
9nd connects to philosophy. That is, there is- a Tiecessitv for a 
philosophy of nature. 

I he need for Such a phi Lwophy has really been recognized from 
early times. Tn the early days, of philosophy even science itself 
was absorbed into philosophy generally, with the result that Science 
became subject to philosophy, lost its identity and suffered much 
harts,, in larer days, with the rise of science, the philosophy of 
nature became absorbed into science and lost it 3 identity, bur, as 
science became So successful in a practical sense, philosophy 
suite, ed great harm, and has even been denied recognition. 
Nowadays the philosophy of nature is coming to the fore again as 
a hfMch of knowledge distinct fiom other branches of philosophy. 
These and similar important points are discussed hi detail by 

1 Crtdirt, i 
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Maritain, 1 but in order to clarify the argument wc can do no better 
than to quote him in a particularly informative passage. He wrote: 

The science* of phenomena thus bear witness to the fact that nature 
is knowable and that they only know it in an essentially unsatisfying 
way. In this measure, therefore, they require to be completed by 
another knowledge of the same sensible universe, which will be an 
ontological knowledge—in truth, a philosophy of nature. Not only 
do we say that the sciences deepen and quicken the desire of the 
intelligence to pass to deeper and higher truths, just as the philosophy 
of nature itself quickens the desire of the intelligence to pass to 
metaphysics, but we say also that inasmuch as they are knowledge 
ordered to a certain term, the experimental sciences require to be 
completed, not of course so far as concerns their own proper rule of 
explanation, or the formal object which specifies them, but in regard 
to the term in which they issue, which is the sensible and the reaL 
In so far as it is mutable and corruptible, the latter is known in an 
essentially unsatisfying way with the help of the vocabulary which is 
proper to empiriological knowledge. Thus, this knowledge must 
be completed by another which exists at the first degree of intellectual 
abstraction and will grasp the intelligibility of the real which is thus 
proposed to it. 

And, of course, the inverse is just as true because the philosophy 
of nature cannot stand by itself, it must be completed by the 
natural sciences. The explanations we have given here to show 
the limitations of science have probably been much too simplified, 
but they have been given primarily to emphasize again the fallacy 
behind any proposition which seeks to show that science by 
itself is self-sufficient and gives a complete explanation of all 
things. This is essentially the position taken up by materialists or 
neo-positivists, scientific humanists and those biologists and other 
scientists who seek to find in science a source for religious ideas. 
It must be noted, however, that it is not implied that a scientist 
may not deal with his observations, measurements and so on, on a 
purely objective level without reference to nature in general. He 
is perfectly justified in doing so and in fact he ordinarily does so; 
the scientist then may not be concerned with any philosophy of 
nature, but in so fair as he is not concerned the less do his 
generalizations bear any relation to reality in any but the strictly 
scientific field. 


I9J4.PP. ja-jj. 

9 


EVOLUTION AND CH&rETtANS 

On rhe other hand, die Christian Religion is given by Re¬ 
velation and Faith, which if Out acceptance of Revelation. Further,, 
an established basic feature of man is that ho comprises a physical 
body subject to IftWS governing such bodies and a spiritual, 
intellectual soul which is imm aterial. As we are writing for 
Christians there is no need to develop arguments for the existence 
uf the soni. Religion seeks the truth about Go<t and the con¬ 
nection of man f S soni to hif body and to Gqd in relation to his last 
end. As the soni is immaterial, science which deals Only with 
material things can say nothing abont it, although it may, of 
covtse, consider some of the effects which ic has on the physical 
body. As regards rehgion and the complete human being, science 
is important only hi SO far as scientific conclusions lead to a. cotl- 
gidsfation of (a) the nature of mar. in tile biological and psycho¬ 
logical senses which may have a bearing on the intellectual son! 
and its free will, and (b) primitive religions which may be die 
biological expression of primitive peoples grasping for Faith, 
Revealed Religion and the Incarnation Hit indeed facts which can 
never be under scientific experimentation, 

CONFLICT BETWEEN SCIENCE AND RELIGION 

Both rehgion and science are concerned wirh truth add with the 
practical consequences following directly from those truths. 
Hence, as tenths cannot he mutually contradictory, they cannot be 
antagonistic, even chough science if concerned rather with 
relative truth and revealed religion attains to absolute ttneh. 
But these facts do not mean that there cannot be an apparent 
antagonism between religion and science, for obviously there has 
been for many years. Scientists and philosophers of rehgion 
recognize that there is conflict between them which leads to a 
fundarneatai prub.cjn. This problem is concerned with the status, 
method and concent of the philosophy of nature. Wt have already 
mentione d this problem, but we shou 14 say further that without a 
philosophy of nature the cotsfhet is a real one, bot with such a 
philosophy it becomes an apparent One, and la finally resolved. 
To give a full explanation of the conflict in these terms would 
involve us in discussions in the philosophy Of nature which, are 
beyond the short accounts given here. It is the Conflict which wc 
wish to mention specifically. The explanation of it IS complex, hut 
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yet basically there are many features of the apparent conflict 
between science and religion which can be dealt with at a much 
simpler level and we will try to explain some of these features. 

Bearing in mind again that a complete solution to the conflict 
between religion and science may be found in the philosophy of 
nature we may still say that for ordinary purposes and at a lower 
level much of the conflict and many of the apparent contradictions 
are superficial and are often due to misunderstanding either by 
scientists, or by religious people, or both. Further, in the 
scientific and non-scientific worlds, there arc anti-religious people 
who use scientific knowledge to attack religion whenever they 
think the opportunity has arisen. If a conflict between some 
scientific finding and religion is encountered through some means, 
it is always a good policy to enquire into the antecedents of the 
advocator, and then to examine critically the contents of his 
argument. As a rule exaggeration, misrepresentation of the facts, 
over-emphasis, or even ignorance of religious teachings, will be 
found to be the real point at issue. Thus in many cases the seeming 
conflict will disappear, or at most remain doubtful. In the latter 
case a conclusion should be postponed until the matter is reason¬ 
ably beyond dispute. T. Sherlock 1 traced such misunderstandings 
back to the Middle Ages. In those times the scholastic philo¬ 
sophers, translating the philosophy of Aristotle into Latin from 
die Arabic, incorporated much of his thought into their own 
philosophic system. At the same time, however, they also 
adopted Aristotle’s ‘physics’, which as time went on was shown 
to be in the main wrong. But the medieval scholastic felt obliged 
to oppose the new physical views merely because these views 
represented, as he thought, an attack on the whole successful 
Aristotelian system, and hence, a habit of opposition arose. 
Another reason for the apparent conflict of religion and science 
lies in the fact that religious thinkers have learnt to be wary of 
new scientific theories for many of these theories are not per¬ 
manent, and it would be foolish to argue about fundamental 
beliefs in the light of some impermanent theory. It is for this 
reason that the Catholic Church often seems slow to take up some 
new scientific finding—time is a great tester and in any case no 
scientific finding could possibly affect any basic doctrine—it 
might perhaps affect the interpretation of a doctrine but never the 
*1940, p. 6. 
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reality of it, lienee, in many ways the so-called antagonism 
between religion and sdenoe is often a conflict of minds and 
rarely a real conflict nf facts. 

It is of the utmost importance to distinguish between fact And 
theory in Science, bill often this is not easy. The scientist observes 
things be makes measurements, and thus he collects many facts, 
indisputable facts. Foe example, he may cut a thin section of a 
piece of a plant sietn and, using bis microscope, he may enatnine 
the ceUs, describe them and put them into their various types, 
Ot, lie o)n measure the amount of heat it reunites to raise the 
tcrripecature of a given body through one degree and repeat this 
measurement onder various conditions. And so on. Facts like 
these which the scientist collects mAy be very interesting to hjm, 
but they are not of much value by themselves. They assume a 
value when united together with other facts. Bare facts arc 
like a heap of bricks lying on the ground. Wc sue iheic use 
when they are put together to form a house. Often when the 
scientific facts ace put together their value becomes obvious by 
enabling the scientist 60 construct a ibsny. A theory, as already 
pointed out, is a gcnerallMfLOU which enables the scientist to 
oblain new and possibly more important facts. A scientific theory 
is 'fact" in the same sense as the basic facts on which it is based aie 
facts. The baric laces ate founded on observation, hut the theory 
is primarily a mental construction, add A good theory, that is, one 
founded on a great many facts, gives the scientist a greater insight 
into the workings of nature. It gives him an explanation of sosne 
natural phenomenon and he then begins to understand the 
problem he is dealing with. 

Thus a theory is a working proposition which the scientist 
accepts for the time being to enable him to progtess further in his 
work. It is the key to his progress, but it is at all times liable to 
modification Ot rejection as new facts emerge. All scientist! know 
this. Of course, but many laymen do not seem to realize it. To say 
tnat some, religions tr^th is wrong because of some scientific 
theory is illogical. The theory of evolution, to; example, con hi 
nevet disprove any fundamental religious dogma." Finally, 
extreme prejudice sometimes contributes to this conflict of science 
and religion. Strong emotions were roused in the lattei part of 
the nineteenth centuty when evolution was a subject of bittCE 
Controversy. Here is a quotation from, one of the leading figures 
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In that controversy, namely, T, H, Huxley, 1 who, rei'cering to 
evolution, gaidt 'Oil* of its greatest merits, in my eyes, is the fact 
that it occupies a position of complete and irreconcilable anta¬ 
gonism to that vigorous and consistent enemy of mankind—the 
Catholic Clmrch. 3 Time has shown how stupid that statement was* 
hut 9 dll, it W3 prejudice of this kind that rein-ted id muddied 
chinking and the creation cf further antagonisms between 
tdigion and science. TV Church, however, kept silent, preferring, 
no doubt, to wait and sec whether the new theory was woich 
examining.:* Such prejudiced views are Stdl met even today when 
the excuse foe ignorance fi no longer tenable, but the general 
atmosphere between religion and science is now much better. 

1 % is well to notice the effect of increasing scientific knowledge 
on same nan-Catholic thought, foi it has been progressive and 
unidirectional, Many one-time believers have lost their personal 
beliefs.* Or the beliefs of their forefather?, or they have watered 
down such doctrines as Free Will, immortality', miracles and so 
forth. In an intellectual atmosphere of this kind of tctrenchm.cnt 
the position today has become one of 50different!am to religion 
rather perhaps than one of direct conflict A Change of emphasis 
has been brought about and it has created a problem, however, 
with which it is difficult to deal. We cannot discuss the matter 
here, but we may point Out a few' salient features. In a technical 
age such aa we live in, the great Success of science and the wonder¬ 
ful achievements of scientists, engineers ami technologists often 
impress people., and we arc all subject to it, so greatly, and without 
them really realising it, that they adopt an attitude which in effect 
implies that they think science to be the be all and end all of 
everything. The only explanation is a 'scientific 3 one, apparently 
because it works. Many people who thus so unconsciously 
'deify 3 science, however, also often believe in freedom of the 
mind, and so, while they will concede their neighbour the right to 
be religjoos if he wants to, they disdain to consider religion them¬ 
selves because they imagine it la all so unscientific. Apparent 
contradictions between science and religion are then held against 
religion and believers, while contradictions in science are quietly 
dropped fend forgotten- It Seems thac indiffemntism is in large 
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mcaiuie due to ignorance, but also «> * successful, if also culpable* 
ignorance, and that may be why- it is SO difficult to counteract it, 

4. THE POSITION OF EI0LOGV INCLUDING HVOLUTION 

Biology, chc science of life and of Living things, is today a well- 
developed science. Its complexities have caught the imagination 
q{ men and women of all funds and conditions who hold a wide 
vaciety of fundamental beliefs. Of who hold none at all. At one 
extreme tW those who know no JiWB but 'scientific* laws 
and who consider that biology can of itself provide, through 
evolution and other branches, the basis For a system of philosophy 
and ethics which will serve as a rule of life and conduct for man as 
a sodal creature. At the other extreme there are those who-, 
taking biology }u 4 t IS one facet of knowledge, and perhaps not a 
very reliable one at that, consider that it is merely the Study of life 
and" its manifestations with no deeper implications than can be 
given by the test tube or tbe microscope. To them the subject hflS 
its uses and abuses, abases against which, one must be on one’s 
guard- lietweeo these two extreme views there is a host of inter¬ 
mediate views of the place and value of biology m science* in 
soedetv and in education. The important point is that the existence 
of such diverse and fundamentally different approaches to biology 
makes the study of evolutionary theory of first-iate importance to 
both biologists and non-biologists alike; because this theory, like 
true psychology, occupies the borderline between practical, or 
truly empirical, investigations of biological science and intrinsic 
investigations which attempt to unravel the meaning of things. 

The study of biology in general* fuld of evolution in panirulnc, 
opens up a fascinating Add which, according to the capabilities of 
the Student, can satisfy both the deeply learned and the less well 
versed. It is a study which SeemS endless, for the solution of one 
problem merely brings others in its train. The complexifies of 
organic nature are truly astounding and are jt never-ending source 
cf wonder and inspiration to true biologists, No single biologist 
can hope to cover the whole field. Many are content fo compare 
some animals or some plants with their likes and to s tudy the 
conditions under which they live and grow, OlheiS will be content 
to Study theil Structure, Others their chemical make-up, or their 
genetics and SO on; but some people attempt to ptobc into tbe 
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very heart of the matter, and by extended speculation in their 
chosen biological field, they try to fathom how life in the abstract 
becomes a concrete means whereby living things have their being. 
In a broad sense, the biologist and of course the evolutionist use 
both the methods of analysis And synthesis. They can treat their 
subject matter as a whole and in communities, or they can in¬ 
vestigate it anatomically in parts. Thus their methods arc both 
macroscopic and microscopic. The biologist observes, ex¬ 
periments and infers, and so is led to build up working theories 
which can then be tested and which may lead to further ex¬ 
ploration. 

The recognition of science as one method of pursuing know¬ 
ledge and the acceptance of biology as a true science by those who 
are not biologists has undoubtedly led to much good in fields 
beyond the control of biologists as such. The study of Irving 
things, their conditions of life and the method of their working 
gives a well-nigh perfect example of how nature brings order out 
of apparent chaos by dovetailing a complicated array of in¬ 
dividual living things, each possessing its own ends, into a 
complex but integrated whole which can be made to show an 
ever-increasing development in the pattern of life. Thus biology 
seems to present the apparent contradiction of a chaotic order¬ 
liness in nature, just as physics teaches us about the orderliness of 
atoms in a molecule which individually all the time arc performing 
a completely disorderly heat motion which is unceasing. 1 Nowhere 
in biology is this shown more than in evolution, where nature 
would appear to progress in an orderly array of forms while the 
means by which this progress has been brought about would 
apparently seem to be random, with few or no rules behind them. 
An extraordinary feature of organic nature is its amazing multi¬ 
plicity of forms and conditions under which they live; the 
heterogeneity of nature emphasizes the success of life. Thus 
biology and evolution give us a picture of nature which demands 
an ‘artiste' to assemble the blobs of paint and blend colour into 
colour. The biological picture can lead its admirers further afield 
to consider that there are other rational arguments to explain it 
besides the biological. And it is reasonable that the very com¬ 
plexities of biology and evolution should lead to a transcendent 
view outside the biological field. Just as admiration of a great 
1 Schrtfdiogc*, E., 1951, p. t. 
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picture leads us to admire the artist eva so much more, so also a 
true appreciation of the glories and wonders of nature may lead 
Hi to admire and adore God, the Creator of it ill Many people 
flte not impressed by this type of teleological argument. They say 
that it breaks down because natu re is SO imperfect hi many of its 
features, and that the law of the jungle is not very impressive. 
There is, after all, a reason for the law of the jungle and for all we 
know the misfits may have u good purpose. Many people, how¬ 
ever, are impressed with nature and hod it a continual source of 
inspiration, either as a means CO earn their living, or aj a means to 
an appreciation of higher ends, or both. Arid this fact alone flouts 
the critics. 

The term ‘evolution* is now a commonplace, and most people 
have some acquaintance with it and with its meaning, At the same 
lime there is still a great deal of confusion among some people 
about the factual content of organic evolution and its inter* 
prtHtkin. The empirical aspect of organic evolution is a matter 
for biologists and their discussions and controversies may have 
little inteliigibiUEy for the layman. But the meaning a person may- 
take out of evolution, i.e. the attempt to find die significance, if 
any, of evolution for man himself may- lead to 911 attitude to 
human life and living which embraces philosophy and morality, 
and which may influence a person’s approach to his Creator. .It is 
possible then for 9 person’s evaluation of evolution to have far- 
reaching effect* on his- behaviour and on his destiny. The Strict 
interpretation of evolution in A purely scientific sense lias no 
necessary bearing OH philosophy, ethics, or morality, any more 
than fundamental theories in chemistry have when considered 
within their own field. It is only when this idea of scientific evolu¬ 
tion is applied to human beings, first as members of the animal 
kingdom, and secondly as rational creatures, that it. assumes a 
great and added Importance. 

Bence it comes about Chat a materialistic interpretation of 
evolution of necessity differs from tEie Christian approach 
although the factual content of die theory may remain the sums. 
Unfortunately, it is the ■ materialistic side which has in the past 
been given most emphasis, ofwn.wlth the aim of weakening the 
Christian position. The scientific findings of Christian biologists 
cars be turned CO the advantage or sjiti-Chrisrian forces III such a 
way as seemingly to give the importance of scientific necessity to 
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their claims. As early as 1894 Weismann was writing that the 
Darwinian theory should be accepted not so much because there 
was a prima facie case for its acceptance, but rather because it 
excluded (or seemed to exclude) any design in nature. From 
scientific evolution there can arise an evolutionary philosophy, 
and by a false extension, an evolutionary ethic, which may 
determine a non-Christian’s outlook on morality, and if allowed to 
permeate Christian thought may subtly undermine Christian 
belief. 

The word ‘subdy* above was used deliberately. Wood Jones 1 
maintained that the rise of the mentality which induced the 
tragedy of 1914, and later Nazism and its evil excesses, could be 
traced in great part to the effect of a certain type of Darwinian 
teaching of the latter part of the nineteenth century. It would be 
comparatively easy to trace some of the present irreligion, or in¬ 
difference to religious ideas, or the spread of materialism even 
among many so-called Christians, or the appeal of atheistic 
communism, to the development of a mode of thought which 
invidiously turned Darwinian teaching to its own ends with the 
help of a fatalistic and too trusting interpretation of modem 
theories of heredity. Darwinism contains much that is true, but 
some doubtful implications of the theory when applied without 
reservation to man, and used as.a basis for his behaviour in 
society, can very easily be made to appear like sound scientific 
sense. Darwin himself never imagined that his teachings could 
have such long-term disastrous effects, neither did many of those 
who embraced his theory and applied it too whole-heartedly to 
various branches of knowledge. It is acknowledged nowadays 
that one need only mention the word ‘science’ to many lay people 
and they will believe anything given to them, whether it is true 
science, pseudo-science or non-sdence. 

The theory of evolution attempts to describe an historical 
process which it asserts has taken place in the world of living 
things. In essence, and without committing ourselves to a rigid 
definition at present, for we will find that evolution has many 
meanings, we may say the theory maintains that, in the course of 
time, the original living things on the earth have given rise to 
different living things; that an original few simple organisms have 
quickly or gradually changed or evolved to produce the manifold 
‘JW.P-aj- 
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dmjrtity of organisms we sec m the wodd today. Tbs la the 
meMUfie given to it by Etor™ it Will serve *3 out working 

definition- Evolution then represents a progression from Mm- 
pUdty to complexity, or is it may be techmaUy expand, from 
homogeneity to heterogeneity. The evohmnimt, M a scientist, 
seeks to erpLain how this process Lias taken place M toe past ant. iS 
taking place now. As a scientist, he first of all assumes that the aim 
of natural science is to interpret natural events in terms or natural 
causes. The scientist is not concerned with CKtra-rlfttural or with 
Eutj«-natural caused of events; these lit outside his domain and 
he is not equipped to deal with them. This does not mean that the 
scientist must be opposed to explanations beyond the realm of 
sd«noe ■ in fact his cooperation is earnestly to he desired in go far 
as he catl give it. Some people seem to he natutally sceptical, 
others seem to be naturally credulous. 

A very good example of mors or less organized co-nperation of 
scientists and the Church is seen when a cure takes place at 
Lotitdca, Tbe patient is seen and examined by the President of 
the Medical Bureau and other members and by his own doctors 
and Again after prescribed dmes- The documents axe seen by the 
Medical Bureau, The Medical Commission (composed of Catholic 
French doctors), a Canonical Commission and lastly by die 
Ordinary.* No doubt the method of enquiry COuld be improved 
but, considering all the difficulties appertaining to a cure and the 
probable tack of money, it Still senes as a good example Of co¬ 
operation. Examples Lice this also emphasize the fact that the 
acientUt is concerned to give a natural explanation, or assign a 
natuial cause, to natural events. This is a very important point 
which all Christian students of science should constantly bear M 
mind. It is die basis of tbfcil empiricism and of their Scientific 
methods, and it is a most valuable point provided it IS not allowed 
to over-SKp the mark and concern itseLf with religions truths 
such SS 3 for example, the reality of miracles. It is worth noting, as 
L. Bright 2 said, thatwhen A scientist is convinced of a miracle 'he has 
'understood it as a religious man, who can read the signs of God*. 
The recognition of the : naturalness’ of science and the 'transcend¬ 
ence' of revealed religion should really help identists in general 
to attempt to achieve a synthesis between their scientific ideas and 

1 Fftf a good, a'nnfi s-rc.rjnt .tc pracciiure at Loui-dis tte. A_ T. MscQcfr.i, 1j; S . 
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their religious beliefs, by enabling them to see how genuine events 
in the scientific field fall into line with, and so do not oppose, 
dogmatic teachings of the Christian Religion which are dogmatic 
because they are unalterably true. 

This causative part of natural science forms its mechanistic 
aspect, and it must be clearly distinguished from the deeper inter* 
pretative aspect which may become philosophical and thus to a 
certain extent speculative and open to opinion and ima gin a tion. 
The biologist, like any other scientist, is bound to follow the 
mechanistic line so long as he is dealing with purely scientific or 
empirical problems. He would be acting illogically if he did not 
do so. Hence the evolutionist does not admit that evolution is a 
miraculous process, and in his strict methodology he will not 
discuss teleological arguments unless forced to do so. As soon as 
he leaves the strict empirical field, however, he may have to 
consider these arguments. It is sufficient to state here that this 
scientific attitude, of course, springs from the dichotomy of 
thought created by the philosopher Descartes, by the develop¬ 
ments of Hume, Locke and other philosophers, and also by Kant’s 
rejection of teleology in the natural world, which have influenced 
scientific thinking ever since. The biologist having decided to 
proceed along this path begins in the scientific manner to make 
his observations, etc., and eventually he arrives at a theory, which 
in our case is the theory of evolution. This theory is opposed to 
another theory of special creationism which contends that the 
larger groups of organisms have not evolved but were created 
directly by God. This is a speculative theory which does not use 
the methods of science. It is philosophical rather than scientific, 
and, in the extreme sense, it assumes that the Creator intervenes in 
a miraculous manner in the creation, or initial production, of each 
new species. There is no compelling motive, except that dictated 
by our reason and inclinations, why a Christian should accept 
either theory. 

It is, of course, possible that both evolution and special 
creationism together may account for the state of living objects 
as we know them. It is always possible that the larger groups of 
plants and animals were specially created. Biology is not really in 
a position to prove otherwise because the demarcation between 
the various phyla, as they arc called, is clear and distinct and too 
large to be accounted for by evolution on the basis of the available 
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data. Their connection by evolution is really assumed by a 
process resembling extrapolation. Special creation oi plants, 
animals, or of the body of man, is not a dogma, or even part of the 
teaching, of the Catholic Church. It is, in fact, now c l ea r that the 
Church encourages the proper investigations of the scientist on 
the topic of evolution, including that of man’s body. She requires 
only that arguments on the matter be conducted by those qualified 
to conduct them, and that they should be carried out in a spirit of 
charity. As far as man is concerned Catholics at any rate are 
required by Faith to hold that the soul of every individual human 
being is a istinct creation by God. 1 

Many Catholics have opposed evolution. For instance, Sir 
Arnold Lurtn 2 in a scries of articles condemned what he called 
mechanistic evolution. As we have already pointed out evolution 
is necessarily mechanistic. What he meant, of course, was 
materialistic evolutionism which is a materialistic philosophy 
derived from the scientific theory of evolution. This form of 
materialism docs not follow of necessity from evolutionary 
theory; it is formulated according to the predilections of the 
writer concerned. Mr. Douglas Dewar-' also attacked evolutionary 
theory. He accepted many of the facts as biologists see them 
because he is a biologist himself, but he interpreted them 
differently. These writers arid others like them, however, arc 
really opposing the whole historical trend of biological ideas as wc 
hope to show later on, because the idea of organic evolution 
permeates modern theoretical biology in a way that few scientific, 
or even philosophical, conceptions have done in any comparable 
branch of thought. Evolution in fact is so thoroughly immersed 
in biology that biologists take it for granted and scarcely ever 
discuss the evidence in its favour, except those who are specialists 
in the matter and who discuss the mode of the origin of species. 
In a similar way the doctrines of the Resurrection, or of the 
Incarnation, ate so integrally a part of Catholic Faith that ordinary 
Catholics do not discuss them and similar matters, although, of 
course, specialists do. 

A number of other Catholic writers have opposed the basic 
principles of evolution on philosophical or theological grounds. 
The professional practice of these people is to examine any 

* Pope PS us xn. ijjo. * 19)4-1). 

* See Bibhogtspby, various publications. 
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scientific or other theory which has any bearing on human affairs 
for it is their duty to find the metaphysical bases of reality. They 
must examine the principles of any far-reaching scientific idea. 
As regards evolution, the matter is obviously tub Judin as far as 
they are concerned because some theologians and philosophers 
support the theory while others oppose it. To them the theory 
presents a subject for debate and consideration; the layman 
should not be unduly upset if he comes across some Catholic 
theologian or philosopher who seems to condemn evolution 
outright. It will be just a personal opinion—as discussion proceeds 
the same person is quite free to be convinced otherwise. Opinions 
of this kind should never be confused with the authoritative 
teachings of the Church. If all theologians and philosophers 
found the theory, or any other, to be harmful then that would be 
an entirely different matter, but even so, legitimately qualified 
people would still be able, indeed it may be their duty, to pursue 
their researches. As far as scientific theories are concerned new 
evidence may be forthcoming at any time. It is a very significant 
fact to note that in spite of all the violent polemics which have 
been written for and against evolution since 1858, the Papacy only 
mentioned it for the first time directly in 19JO, that is, nearly a 
hundred years after Darwin brought out his theory. 1 The 
mention made then was really encouraging and anticipatory. The 
views of the serious critics of evolution will be dealt with in mote 
detail later. 

The reason for the modem position of evolutionary theory is 
that it works; by means of it biology has been unified, and order 
has been brought out of chaos. It is not because the available 
evidence prows the occurrence of a complete form of evolution 
beyond any doubt, because this evidence, except in limited fields, 
is largely circumstantial—but it is cumulative and impelling 
towards the one conclusion, namely, the existence of an 
evolutionary process in nature. It is not because evolution can be 
used by materialists to attack religion, although that would 
account for some of its popularity. The evolutionary theory gives 
a magnificent example of the workings of a most elaborate, 
complex, but dovetailed system of secondary causes. This 
system is geared towards one end, that of perfection, and towards 
Man as the highest attainment of the natural order. Thus 

1 Pope Piui XU, 19J0. 
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theology, philosophy and biology all give the same conclusion 
regarding the uniqueness of the end product of nature. St. 
Thomas affirms that we must first look for the actions of God 
through natural secondary causes when we arc dealing with 
natural phenomena. The study of evolution leads to a study of 
secondary causes at the highest level of abstraction excluding the 
study of man; when man is included a higher synthesis still is 
attained which may lead to the conclusion that biology too 
demands a First Cause. 


Chapter II 

Outline History of 'Evolution 

In this chapter, which will serve as an introduction to the more 
scientific part of the book, it is intended merely to give a very 
short survey of the development of evolutionary ideas, except for 
the particular theory of evolutionary causation known as Dar¬ 
winism which will be dealt with in some detail. All we wish to 
accomplish in this outline is to show that an idea of evolution was 
appreciated long before the time of Charles Darwin. There arc 
not many detailed modern accounts of the history of evolution 
but the reader may consult Fothcrgill, 1 Osborn, 2 and to a lesser 
extent Singer 3 and Nordcnskiold. 4 

Many people mistakenly suppose that evolutionary theory 
began with Ovaries Darwin. In point of fact some of the ideas of 
the Ancient Philosophers are best described as evolutionary. 
These philosophers sought to give an explanation of the world 
and of living things and some of their explanations and reflections 
suggest an appreciation of a fundamental feature common to all 
matter, that is, the notion of change. Wc know now that 
biological change is evolution, although the Early Thinkers did 
not realize it as wc do today. For descriptive purposes it is 
simpler to treat of the development of evolutionary ideas and 
t henrirs in periods, 5 and for our purposes here we may recognize 
four periods as follows: (a) the early period; (b) the speculative 
period; (c) the formulative period; and (d) the modern period. 
The most important features of the modem period will be dealt 
with separately in detail under the general title of ‘Modern 
Evolutionary Theory’ (see Chapters 3-6). 

I. THE EARLY PERIOD 

Ancient philosophers, whether Chinese, Egyptian or Grecian, had 
quite definite ideas about the origin of things. The Chinese 

* I9J*. * 1014. * I 9 *», t94l. 4 19*9. 

• See Fochergill, 19]*. 
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conceived of five primary elements—water, wood, fire, soil and 
gold which existed At the beginning, and life arose out of these 
primary stuffc through their interaction. 1 Thus life W3£ considered 
to arise spontaneously from things of a completely different 
nAtuie acid ordet. To Confucius and his followers the word, Yi 
meant some kind of change in the natural world, a change from 
simple to complex The Taoists used the word Tm to convey the 
same idea. In 700-600 B.Cr Confucius taught in his Yi-Ciutig that 
things were *t>rigi rutted from a single simple source through 
gradual unfolding and branching'. 1 This is surely A very old 
saying with a very modem ring about it. 

Ideas of origin held by the Ancient Egyptian* may be found 
expressed in the Ltgnd of the Cratiiit^ where we sec that Khspbtm 
was thought to he the Creator of all things and Ntf was the abyss 
of water Out of which Khepheia raised up all Living things, Man 
originated from the mind of the Clearer in seven distinct stages. 
Heic then was visualized A process of evolution by stages, which 
were potentially in the mind of Kbpfor& Eimikr ideas may have 
been echoed by St, Augustine of Hippo in his thoughts of the 
potentiality of creation and evolution of tilings. 

The Ancient Greeks, like rhe Chinese, also wrote of primary 
elements. The Ionian Thales thought that water was the 
primordial element. Empedocles and other Greek writers, 
howevee, recognized, the foot elements, earth, Air, fire and water, 
with their icspccdwq qualities of dry, cold, hot and wet. Aristotle 
developed these ideas further by considering the contrarieties 
which could not exist together in. one body, for example a body 
Could not be both hot and cold, or wet and dry, 9 t the same time. 
Due each of the four primary elements may he made up of two 
primary qualities, for eiample a body may he hot and then cold. 
Empedocles has been called the 'father of the evolution idea* by 
Osborn, snd indeed he taught a khld of evolution in that he 
considered life arose gradually, through an unconnected scries of 
imperfect forms. At first these foetus were ilbadiipred to live and 
reproduce themselves, but they became adapted later. They were 
formed in the ojpdei plants, animaLs fuld man. Other ancient 
Greek thinkers, hucIi as Auaiagnras, Heraclitus, Democritus, 
Diogenes, etc., held idea* which also contained the germ of an 

3 S:e Tye.TVid Chen, Eyij. * Tuan Chei^ £>, jn. 
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idea of change and development, or of spontaneous generation; 
but all of these ideas were purely materialistic. 

A true philosophy of change was probably first developed in 
detail by Aristotle, the pupil of Plato. Aristotle is generally 
regarded as primarily a philosopher; indeed he is often called 'The 
Philosopher’ by St. Thomas Aquinas. But it should be re¬ 
membered that he was also an accomplished naturalist and he 
probably had a good first-hand knowledge of many living things. 
His chief book in this regard is the Historia Animalium which 
contains a wealth of biological observations and facts. Other 
books of a scientific or biological kind include the Pbysica, Dt 
Partibus Animalium and the Dt Gtntraiione Animalium, 

The Historia Animalium 1 is an amazing book when we consider 
that it was written three centuries before Christ. Aristotle, how¬ 
ever, superimposed his theory of hylomorphism, or of matter and 
form, on the more naturistic views of the earlier Greek philo¬ 
sophers. Osborn* says that Aristotle taught an evolution from 
‘polyp to man*. And in fact Aristotle’s treatment of animals in his 
history is so detailed that an excellent classification of them may 
be compiled from it. Aristotle thought that things were produced 
in a sequence of perfection in the order: lifeless, plant, animal, 
man, which suggests that he had definite ideas of evolution. But 
there are many objections to this suggestion. In Aristotle’s view 
it is the order of perfection which evolves rather than the things 
arising in this order. The theory of matter and form may be too 
rigid a concept to allow change of one form into another. In¬ 
dividuals may die, or change, but the species is immutable. 

The account of the Creation given in Genesis sets forth the 
beliefs of the Jewish people. Here also God creates the universe 
out of nothing and living things appear in a definite order which 
is also an order in the scale of perfection ending finally with man. 

Hence, many ancient philosophers based their philosophical 
ideas on the existence of ‘primitive stuffs’, such as earth, air, fire 
and water, or on a “boundless void’, out of which all things came 
by some process of unfolding. They concentrated on the idea of 
'becoming’ by stages as an ordered progression of change from 
simple to complex, or from less perfect to more perfect. 
Evolutionists could express the same idea by saying that the 
change is from homogeneity to heterogeneity. Change seems to 
1 See Fothogill, 1932, Appendix 2, fo<« concise account. * 
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be a fundamental feature of the scheme of things but it is so 
familiar to us nowadays that we tend to overlook it. Nevertheless 
attempts at an analysis of change have persisted from the very 
earliest times up to our own day and we cannot say that its 
possibilities have yet been fully explored. The idea of change lies 
at the b?s is of all evolutionary thought—the change of one species 
into another species by natural means. Without change there 
could be no evolution, and there would seem to be an historical 
continuation of thought in this respect from Confucius to the 
present time. This is clear enough, but it is important to appreciate 
it because it explains why evolutionary theory may be used as a 
bridging theory connecting philosophical and empirical tacts and 
ideas. It follows that any explanation of evolution which does not 
take account of both the philosophical and the scientific aspects is 
at best only a partial explanation. 

2 . THE SPECULATIVE PERIOD UP TO ABOUT A.D. I79O 

Aristotle's influence extended up to and into the Renaissance 
period when a new type of biologist developed who investigated 
biology for its own sake and not because it formed a part of 
philosophical speculation. In this speculative period we en¬ 
counter men called the Naturalists like Ray, Toumefort, Linnarus 
and Buifon who classified organisms and invented systems of 
classification. The greatest of these classifiers was probably 
Linraeus. At first their classifications were simple and purely 
arbitrary, such as a classification of plants into trees, shrubs and 
herbs. But they ended by becoming highly organized and com¬ 
plex arrangements such as the sexual and binomial system of 
Linnaeus on which many modem systems are ultimately based. 
Linnaeus began with the belief that species were immutable but he 
ended by thinking they were mutable. 

These Naturalists, or Classifiers, investigated resemblances and 
differences between different species of plants and of animals. 
Their efforts to group organisms reflected a desire to find the 
natural classification corresponding to their true connections in 
nature. Thus, they also seemed to be striving for an over-all 
explanation of why living things could be placed together into the 
various categories such as classes, families, genera, etc. They did 
not find an explanation because their knowledge of external 
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nature was not then detailed enough to allow them to do so. 
They did, however, gradually come to realize that change in a 
species could occur, but they did not really envisage any genetic 
or blood connection between different species. The discovery or 
realization that species could change, however, was of supreme 
importance in biology and it laid the foundation of all subsequent 
work concerned with the interrelationship between organisms. 
Hence, without the laborious and patient work of these Classifiers 
later progress could not have been made. The Naturalists were 
also probably prevented from penetrating deeper into reasons 
why organisms may be assembled in a natural classification by 
lack of appreciation of the differences between homology and 
analogy concerning the parts of animals and plants. An under¬ 
standing of these two distinct concepts was only to come in the 
nineteenth century. 

During this period the so-called Natural Philosophers such as 
Bacon, 1 Descartes, Leibniz and Kant were also very active. We 
do not need to describe the work of these men but it is necessary 
to indicate how they affected the trend of evolutionary develop¬ 
ment. The Natural Philosophers recognized clearly and distinctly 
that change in the world of living things was a fundamental 
feature and this recognition eventually led Kant to formulate a 
definite idea of evolution in precise terms. Thus, these philo¬ 
sophers were in advance of the Gassifiers in this respect. In order 
to make this advance the Natural Philosophers found it necessary 
to create a dichotomy, that is, they separated what may be called 
mechanism from vitalism. Such a fundamental distinction 
enabled biologists to proceed with their scientific investigations 
unencumbered with any necessity to consider the ‘vital principle’ 
or ‘soul’ of living things and to ignore final causes. This achieve¬ 
ment of these philosophers was a great advance in thought at the 
time and it probably gave dirtttm to the (curst of science by 
giving a new emphasis to natural causation in a tendency to see 
natural events as primarily, if not completely, the result of natural 
causes. We must not think, however, that before this period 
natural causation was not properly understood by philosophers. 
It was, but Cartesianism and the systems of the other Natural 
Philosophers emphasized secondary causes and so produced a 

1 Bacoo, of course, preceded this period but be is generally tecognised u the first 
of the Natural Philosopher*. 
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shift in the mode of thought which, of course, persists up to the 
present day, although many people are coming to realize that the 
disadvantages of the original dichotomy may outweigh its 
advantages, for eventually this dichotomy in philosophy led to 
Hume’s denial of causation. TTic Cartesian dichotomy eventually 
gave rise to the principle that teleological explanations were not 
necessary in biology and so Kant was able to reject teleology in 
order that study of nature could proceed on experimental and 
mathematical lines. 

The result was that empirical science, or what soon came to be 
called simply scieita, could now give a sufficient, if not wholly 
complete, causal explanation of phenomena. However, the 
recognition of mechanism gave a great impetus to the develop- 
ment by philosophers of the idea of an evolution of living things 
and this period ended with Kant, who for the first time and on 
the basis of his philosophical speculations gave a positive and un¬ 
equivocal statement of the possibility of genetic evolution, i.e. of 
a blood relationship, from man down to the polyp, then to plants 
and finally to inanimate matter. The modem idea of evolution is a 
direct extension of Kant’s philosophical views and these views at 
the time gave the philosophical explanation of the work of the 
Naturalists with their plant and animal systems of classification. 
We quote the relevant passage from Kant. 1 After discussing some 
facts of comparative anatomy and morphology Kant wrote: 

This analogy of forms, which with all their differences seem to have 
been produced according to a common original type, strengthens 
out suspicions of an actual relationship between them in their 
production from a common parent, through die gradual approxi¬ 
mation of one animal genus to another—from those in which the 
principle of purpose seems to be best authenticated, i.e. from man, 
down to the polyp, and again from this down to mosses and lichens 
and finally to the lowest stage of nature noticeable by us, viz., to 
crude matter. And so the Technic of Nature, which is so incom¬ 
prehensible to us In organised beings . . . seems to be derived 
from matter and its powers according to mechanical laws (like those 
by which it works in the formation of crystals). 

Just as the ancient philosophers had vague ideas of evolution to 
a certain extent independent of their knowledge of natural history, 

1 See J.H.Bernard's tran*. of Critiqmrf t*. *, Append. Sect. 80, 

PPJJT-H*»ndp.4t*. 
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so now we see that the first definite statement about genetic 
evolution was given by a philosopher in advance of the biological 
knowledge of his time and not by a biologist, although Kant in 
fact started his career as a scientist. 

5. TH E FORMUL ATI VE PERIOD FROM A.D. I79OTO I9OI 

The formulative period in the history of evolutionary thought 
may be said to begin about 1790 after Kant's enunciation of the 
principle of genetic affinity. This period is a long one reaching up 
to the beginning of modern evolutionary ideas when the work of 
Gregor Mendel was re-discovered by Tschermak, Correns and de 
Vries in 1901. Evolutionary matters were brought to a head 
during this period when Charles Darwin launched his theory of 
natural selection and integrated evolutionary evidence. The dis¬ 
coveries of this period follow in logical order from those of the 
previous period, but there was a definite change of emphasis. 
True, biologists still continued to classify organisms and the 
binomial system of Linnaeus bore fruit by reducing the labour 
involved in the description of species and allowing a ‘philosophy’ 
of classification to emerge. Hence, biologists could now turn 
their thoughts away from mere classification for classification's 
sake into deeper channels attempting to elucidate the reasons why 
biological organisms arc classifiable in a so-called Natural 
System. 

We do not wish to give a detailed account of the discoveries 
and thought of this period, 1 but it is necessary to mention a few 
of the major features of the period until we come to Charles 
Darwin when a more detailed account of his theory of evolution 
will be given. 

The period begins with Erasmus Darwin, the grandfather of 
Charles Darwin, who was a naturalist with many speculative ideas 
about things in general. 1 Erasmus Darwin certainly seems to have 
had quite definite ideas of the evolution of living things and he 
also believed in the inheritance of acquired characters. 3 Many of 
his evolutionary beliefs were expressed in the form of poetry 
which is sufficiently unusual to merit mention. 4 However, in the 

1 The reader may consult Osborn, 1924, or FoebergiU, ipjz, 

* A good biography it by Hesketh Pearson, rojo. 

* See Zevmmia, 1794-96. * See Ttmpfe ef iiatttrt, t Soj. 
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eaclv pact of this period the outstanding biologist was Jem 
TkpdSK de LafflJtick who «*% iaitetoi tbc modern approach to 
evolution from the biological side. 

We have already seen that many of the ancient piuiosophees 
concentrated 00 the ideas of 'bring* and ‘becoming or on 
* change' which they recognized as fundamental features of reality. 
From the time of Umatck, modem evoludonis&i have been more 
concerned With the idea of 'becoming’ or with change itself, 
rather than with the metaphorical idea of’being*, Tims biologists 
began to concentrate OH the fact of, and the reason for, change in 
organisms, that is, they concentrated on the genetic continuity of 
natural aperies which were by that time con rid: red to 1« mutable. 
Such naturalists as Buffon, Lamfttck, Geoftey St Hilaire and 
Others had in Fact given up the beLicf chat Spidcs were immutable 
or specially created- The only experimental way by which the 
nature of the mutability of species can be Studied is by the 
investigation of small-scale changes between them, or between 
smaller unite within a Species. The rationed Foundation for this 
method of attacking the problem probably lies in the cotntucm- 
sense attitude that if WC learn bow the several parts of a process 
work individually, we shall ultimately cOme to a realization how 
the process itself proceeds. 'Thus modern evolutionists WQlfc on 
the anatomy of evolutionary processes, 

Lamarck had a very wide knowledge of natural history and 
when he became ptOfessOE a£ the Paris Museum of Natural 
History he turned his attention to a tt- class ideation of animals, 
particularly the invertebrates, OE backboneless animals, and then 
later hfc became interested in the 'philosophy* of zoology. 

Limuct supposed char some animals were less perfect Eban 
others, a fact which he considered to be demonstrated by the 
differences in comp lenity of the organization of their bodies. He 
postulated that environment had a great effect Oil species sod 
caused them (O change- If the environment changed then he 
thought the species would change also. By examination of 
animals of increasing complexity, i.e. of increasing perfection, 
Lamlick inferred that species had been produced successively 
f;om the worm upwards. He considered that there are no real 
breaks between species in nature, that is, that there is a continuity 
of foitu and organization among species. Such bresiks as seem to 
exist in nature are really due to out lack of knowledge of species. 
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Lamarck thus concluded that a biologist should be able to con¬ 
struct a natural classification. To Lamarck species were connected 
in classification and in nature in a straight line fashion, that 
is, linearly, and not rsdoiktciy, as modern classifiers connect 
them. 

It should be noted here that Lamatek clung to the old Aris¬ 
totelian notion of perfection. But this is not considered to be 
a scientific term because one can hardly measure perfection or 
imperfection. In ICS own way, and in a biological sense, a tape* 
worm mir be j ust as perfect as the dog in which it lives, although, 
in any scheme of evolution, these animals would be far apart. 
Perfection la a philosophical term and may enter into the inter¬ 
pret aiJon of evolution but not perhaps Into a consideration of the 
process itself considered mechanically. Nevertheless, the ideas of 
complejtity and perfection considered in relation DO the environ¬ 
ment enabled Lamarck to build up the fi rst rc&Uy complete cheery 
of evolution in his book T'hi&nfpbh Zwitigiqui published in 1 B-c-p. 1 
Thus Lamarck pie-dated Chides Darwin by fifty veals and his 
theory camt to bft known IS Lamarckism. 

Lamarckism, at least superficially, is a very reasonable and 
commonscusc theory with a wide appeal. According to the theory 
a spedcs modifies itseif as a result of the cumulative inheritance of 
the effects- of its constituent Individuals. Lamarck did not invent 
this idea because it was tacitly assumed at his time and had been so 
for centuries before as Tirlde 2 has shown, and indeed, is still so 
today, Bur Lamarck developed this accepted idea logically. 

Stated as concisely as possible the theory depends on two kwsi 
(a) the law- of use and disuse, which involves the striving of the 
species towards something better suited to its surround logs, and 
(h) the inheritance of the characteristics acquired during the life¬ 
time of the organism. The first law IS simple and straightforward 
—it means that if an organ is used it will he developed further, OT 
■evolve; if it is not used U will become atrophied and lost But 
Lamarck iti troduced a mystical element at this point by conceiving 
the species as striving towards perfection. The second law, 
however, became the really controversial part of the theory and it 
was also thought to be more, susceptible of scientific investigation. 

1 Sec English trira. by H. Elliott, London; ar.ii liii trjgrtphy by A.S. 
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Xhe theory of the inheritance of Acquired characters h« in fact 
been hotly contested Since the days of Darwin. Lamarck himself 
never bothered to test his statements experimentally. In essence 
Lamarckism does not contradict, or stand opposed to, Dar¬ 
winism, althongh it is often made to seem so. Many of the 
exHtncilft which Lamarck Used to illustrate hit theory ivetc purely 
fimdfuh such as, that snakes have lost their legs Iraanse they have 
to pas* continually through narrow places where legs would be a 

nuisance to them. 

In modem times serious experiments have been carried, out to 
show that acquired characters may be inherited. Most of these 
experiments hive failed in their object and some die. doubtful, 
such as those of W. McDougah 1 On rate, J. W, H- Harrison 1 on 
the sawfly and D. B. Siadden and H-JL Hewfil 1 on CarmiftM. The 
j five sd gad ons of these people may show the inheritance of 
acquired characters but their results, and those of aitrihar ex¬ 
periments:, may often he interpreted in other ways and biologists 
generally do not seem to agree with a LAittAtckian interpretation. 
Cun fit illation of Such experiments is often very difficult to obtain. 
Vet, even if these experiments have failed in their immediate 
objectives. Lamarckism is not thereby disproved; nil that would 
be known is that these experiments did not furnish indisputable 
proof of the theory. Lamarckism as a theory has been neither 
proved nor disproved, but it seems chat the weight of thfi evidence 
is against it rather than for it- On die odlftd band, many biologists, 
without perhA[>S saying so expressly, seem to believe in it; at least 
biological literature contains mamy examples of Lamarckian ideas 
and in terp re Cations. 

While a cii deal rc-cvaiuatian of the position of Lamarckism is 
Jong overdue—at least Cute modern biologist has striven to do 
this 3 —thcTC are still many reasons for the present attitude. One of 
them is possibly a dislike of the idea of perfection which permeates 
Lamarckism, and which many scientists eschew because of its 
philosophical implications. Agaio, in a sense, lamarckism has 
been forced out of the biological field by the dominance c£ the 
neo-Darwinian theory OE natural Selection which ia considered CQ 

i HdHowfl a striw nf bcjpn^Lhfi 15*7 ansi ending 19*7; Hatrijon, 

2 jit; SAOJer. and iiewrc, a m:.k oe Enters '■'ta , ;nr irjf 1534 sr.fl :.idi:ig 153Si. f»t 
driiiltel WMUIt oF the ttp&InntiUaL teidctsK bat L#rniECki$iEi tbc r™kr may b= 
Keened :oFodstrgiil, \\p. 1. 
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be- i purely biological theory making no appeal to philosophical 
ideas. The position may he summed up as follows: Lamarckism 
at present, hi spite of jts COUimonsense appeal, seems to- be in¬ 
capable of rigid scientific analysis. The Lamarckian method of 
evolution is possible' it may or may noi be true. H. Graham 
Cannon 1 is strongly of die opinion that evolution depends not on 
genes (“the playthings of the INeo-MendelianFf), but on some 
inexorable physicochemical law inherent in organisms- -and 
perhaps this is what Ijurorck was really attempting to teach under 
the guise of perfection. Cannon docs not think that his views are 
in any way materialistic. It is possible that the general attitude 
towards Lamarck '3 views may change—for example, Haddington* 
finds it necessary to speculate in the Darwioian-geneticaS method 
rather deeply in order to explain the appearance in descendants of a 
Structural modification produced in the parents by an external 
stimulus and selected for breeding experiments, even when the 
stimulus is no longei operative, 

Lamarck died in 1819, EJsewheee we have written 3 “As a 
biologist he stands as one of the greatest men of his time; his 
contributions to systematic Zoology alone entitle him to the 
greatest respect. He was the rest! founder of evolutionary theory, 
and by bis theory of the inheritance of acquired characters he 
founded a school which will Song have its adherents’. 

After Lamarck, biologists such as Geoffrey J>t< Hilaire, Owetl, 
Goethe and others slowly began DO realize the existence of an 
evolutionary process in nature. la j $44 Robert Chambers 
published his Vtrtiges oj tbs Natttrai Htstorj of Crtafior.t anony¬ 
mously. This hook became very popular and went through 
twelve editions. In it evolution was recognized as a process in 
nature occurring through natural means. During this period, 
after the time erf Lamarck, pakeonoology came into being as a 
serious study through the works of William W. Wat£5, Sir Grades 
Lycd, Cuvier, Owen, Agassiz slnd Others. As the numher and 
kinds of fossil plants and animals accumulated and their signi¬ 
ficance became realized, it would have been incredible if a con¬ 
ception of evolution had not arisen among biologists and palxon- 
tcdogUts, but it was really left to Charles Darwin to crystallize the 
evidence in tins regard. 

In the next section we deal with Charles Darwin and Darwinism 
1 J55B, p. 265. *IaS, A. Barnett; ijj-S. 1 : n_ r i, p. 77, 
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hut first we should point ou: that short) / after Lamarck tiled the 
foundations of what is called the ctUtbmj were laid by Schicidcn 
and Schwann in 1838 and The importance of tills theory 

is that in it the cell was recognized as the primary agent of 
organisation of the pJant Of animal body- ()nce the cell WAS thus 
recognized as the unit of living things, the way was clear for 
further fundamental developments leading K> the modern science 
of cytology. Cytology is the study of the cell which includes the 
study of chromosomes and thclt behaviour, and without a know¬ 
ledge of these bodies there conhl hardly be s. true causal theory of 
evolution as we have today. Beyond mfiiltiooiog the discovery of 
the tell theory there Is no need to develop the matter further. It 
■Will be necessity later to give an account of cell division and 
chncimoicunes (See Chapter j), 

4. DARWINISM 

Sit J. E. Smith bought the hooks and manuscripts of the great 
botanist Carl Linnseus after the death of the latter's son in 1783, 
arid brought them to 1-Otldofi- A few years Eater in tySS Smith 
founded the Linnxan Society of London which became in¬ 
corporated by Royal Chatter. In :8z8 he gave Littozius* books 
and Other botanical effects to the Unman Society for theii 
preservation. Since then this society has functioned as one of the 
great botanical societies of the world, publishing journals of its 
own. In T^aS the Iinnetn Society met to commemorate the 
jubilee of a famous meeting held on 1 July ]8 ;fl at which Charles 
Darwin publicised his evolutionary theories for the first time. At 
this commemorative meeting Dr. D. G. Stott, the President, said I 
'Wt hic met together today to celebrate W hat IS without doubt the 
greatest event in the history of our Society since its foundations. 
Not is it easy to conceive the possibility in the future of any 
second revolution of biological thought SO momentous as that 
which was Started fifty years ago by tlic reading of the: joint 
papers by Mr. Darwin and Mr, Wallace,: I ' :L This is a startling state- 
no«it when we realize tint it was made by an outstanding and 
gifted botanist not given to the use of superlatives. In 10 3 B a great 
biological even? occurred which changed the whole science of 
biology fust as Einstein^ Relativity theories and Mai' Plmdt** 

1 3506, PR. T-i. 
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Quantum theory, Of the application of uucteaf energy, are now 
ushering in a new crs- 

ChflrJ.es Darwin was born at Shrewsbury in 1809, Re was the 
fifth child of Robert Waring and Susannah Da twin, and was the 
grandson of Dr. Erasmus Darwin who was a pro-litre and fascinat¬ 
ing writer on many subjects and whose biographer said .he was 
The man who gave a cteedto Creative Evolution’- 1 laifitf diaries 
Darwin went to Edinburgh University And Later in tSzS he entered 
CblJSt’s College, Cambridge. He Studied medi cin e ac Edinburgh 
but found both his lectures and his teachers incredibly dulL His 
intention at Cambridge was tel become a clergyman, He tells, us 
that he had no scruples about believing all the dogmas of the 
Church ns England, and at chat time be accepted every word of the 
Bible as literally true, He also wrote: 'Considering how fiercely 1 
Jiave been attacked by the nttbodme, it seems ludicrous that I once 
intended to be ft clergyman. Nor was this intension and my father's 
wish ever formally given up> but died a natural death when, on 
leaving Cambridge, I joined the BtqgU ft£ Naturalist.’* He did not 
particularly distinguish himself while at college, but he obtained 
his degree in During his later undergraduate days and fot 

a while afterwards he became friendly with Hcn.dow, die professor 
of botany at Cambridge, and also with Professor Sedgwick, the 
zoologist. In the company of these people be developed a taste 
for natural history. A short time after bis graduation Henslnw 
Suggested that he S-htmld join the Bsag/a as an unpaid naturalist. 
The htagk was commissioned and sponsored by the Admiralty 
to travel to South America on a voyage of exploration and chart¬ 
ing. Darwin was away for about five years (from iSji to 1836) 
and during that time his whole life and outlook were changed. 
Darwin 3 himself summed up this period of his life when he wrote: 
’ITi-e voyage of the has been by far the most important event 
in my life, and has determined my whole Career. ,.,I have always 
felt that I owe to the voyage the first real training or education of 
my mind £1 was led to attend closely to several bl attchfli of natural 
history, and thus my powers Of Observation were improved, 
though they were always fairly developed/ During the voyage 
ht made large collections and studied geology, palaeontology, 

1 Hciiejtti Ptajin-fi, tq±o, JfttWy 

3 P. T}nrv\n r Lift ava Ltfftrs, :SSt Y-sJ. p. jj, 
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botany and zoology. The material he collected and the notes he 
made during the voyagti served him. pfa-ctacsLly for the rest of hua 

_about feuty-six years (he died Jo rSSz) -and gave him the 

factual basis for Ills many books and Other writings. 

During his travels he became impressed with the profusion and 
variety of nature and natural objects, And. he was extremely 
puzzled by the possible causes of this. His belief in special 
creationism did not help him- In fact be came cO realize that those 
old views were untenable arsd stood in. the way Ot any explanation, 
of the varieties and their distribution in the parts of the wOrid to 
which he had been. He described this change in hi$ outlook In a 
letter written to Haccitel 1 in iHOit which summarized the tegin- 
nings of his theory, He wrote; 

In Sftuslb America thret classes cffacts were brought strongly before 
my mind. Firstly, the manner in which closely allied species replact 
Species Li going southward. Secondly, the dole affinity of toe species 
inhabiting the islands near Saudi America to diose proper to the 
continent. This suuck me profoundly, cspedallv the difference cf the 
spcclcE in the adjoining isleta of GdapagoS Arebipdago. Thirdly, 
the relation of the living Edentata and Hndenta to the extinct species. 
I shall never forget my astonishment when I dug out a gigantic piece 
of armour like that of the living armadillo. 

By T844 Darwin bad become convinced that species were 
mutable, that ii h that related species were descended from. One 
ancestral form, but had changed during their descent. In other 
wards, he put what earlier workers called 'affinity, which was 
largely used in a metaphysical seose, an a biological basis. 
Affinity meant genetic relationship. 

Darwin had read Maltbus’ EJtey art Pbpulaiwn which contained 
the germ cf the idea of natural selection as it occurs among human 
beings, and this idea influenced him greatly. Thus, by 1S44 be 
had formulated the central point of his Origin ofSpnier. He showed 
his notes [about two hundred pages) to Hooker, the botanist and 
to Lye!!, the geologist. Foe the next twenty years 01 50 Darwin 
eiamined his material and gathered all the evidence he coaild And 
to support his dreary. But in chc meantime Alfred Russell 
Wallace was in the Malay Archipelago also Studying natural 
history, and he tame to conclusions very similar to those of 
1 Ldi±r no BtHacdfed, R ClciQlier 1S64, quvted by Haeckel, iSfli, p, J13. 
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Datwin. In iSjS WtURoe sene Darwin an Account of a theory of 
natural selection which he had arrived at. TMs was AH impasse 
stnd DarWLtl put the matter to Hooker and Lyell. The problem 
was solved by the reading of joint paper* by Darwin and Wallace 
before the Unnsenn Society on i July iftjS. In the following year 
Darwin's great book Off ibt Origin oj Spain by Mtsni of Nafrfrai 
Stltttiox and ih Preftrw+iw sf Favoured Raesf iti f.ht Str/tggk for Lift 
was published- This was the real beginning of Darwinism and the 
response of biologists to Darwin's boot was phenomenal. 

It is important to recline what Darwin Attempted in this book. 
He set out to do three things as follows: (a) to explain facts of 
biology with reference tn the multiplicity of kinds which he bad 
seen And studied ; (b) to establish the fact of an evolutionary 
process in nature; anti (c) to give a causal explanation of how this 
evolution could have occulted. Darwin was the first biologist to 
assemble all the available evidence pointing to the conclusion that 
evoludotl had occu rred. It was the juxtaposition of all his lines of 
evidence, then integration and their strong cumulative effect, 
which convinced so many biologists at the time (and, of coutse, 
today also) of the veracity and esis tcnce of evolution- Darwin in 
fact presented a new method of approach to biological problems. 
And its advantages were obvious, bv making comparisons in an 
orderly fashion he led biologists to a single comprehensive 
generalization regarding living things and suggested an historical 
reason fot their continued existence. Lamarck also had generalized 
About evolution but his conclusions, while valuable in some 
regards, did not seem to be based On completely satisfactory 
biological evidence. Darwin's conclusions, however, did give an 
impression of validity to many of bis contemporaries because of 
die great mass of observable facta assembled to support them. 
‘Thus Darwin collected his evidence from different realms of 
science. From comparative Anatomy, from the geographical 
distribution of plants And animals, from the geological succession 
of fossils , from embryology and from the classification of species. 
He used thc5£ lines of evidence tu connect the ideas of unity of 
plan and of affinity to which he gave empirical meaning, thus 
leading to the conclusion that species had evolved from pre¬ 
existing bur slighdy different species. Having shown the fact of 
evolution, he then explained how the process took place, that is, 
he brought in natural selection. 
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A certain amount of recapitulation 3Cem4 HKMSaiy at this point, 
Wc have seen earlier in this chapter that ft belief in evolution had 
been implicit in men's minds for a long time. We have s«o how 
naturalists often were not really iWSJe of this belief, that they 
struggled to formulate it,, but could not. These mer. were held 
back :n their attempts to recognise evolution as a real process in 
nature possibly to a Large extent by ft theory which held Swfty for 
centuries, W= refer here to the theory of special creationism, 
according to which each Spedes was created just as it is by the 
Creator. Such an idea of fixity or immutability of species was 
somehow OI Other ingrained in the minds of marly biologists, 
philosophers knew all about change which was Indeed a central 
notion of all ander.t philosophies. Ordinary people saw change 
going on around them. And yet this fixity of species was beLicved 
even when no one had any idea what really consdtuted ft species. 
Special creation of species and all that it implies has never been 
considered by the Church, and there was little reason, why jt 
should be, because Jt is rather a question for philosophical biology 
than for theology. We are not certain but it seems that many of 
the medittvil theologians did not have very strong views about 
the matter. It is possible that the rise of Protestantism with its 
jtmng emphasis on the literal, and personaE interpretation of die 
Bible, pardculfttly Genesis, may have contributed in large measure 
to this ‘subconacjcius* hold which special creationism had On 
people in general and many nfttutilists in particular. Tire question, 
of course, was largely academic, because of the ill-developed state 
of biology up to the rime of the middle of the igth century. 

Wc are not saying that everyone believed in s-pcdal creation, fot 
there were naturalists who did realise the dead end they were in 
because of this theory, It wag indeed a paradoxical position. 
Naturalists knew perfectly well that species were modified in 
various ways. Bui tf they asked why they were so modified, they 
were told, as Bcncham- related, that it was the will of the Creator, 
Ot ttiat it was beyond their comprehcngion, We have already 
indicated, that some naturalists had broken away from special 
creationism. For eotriple, the following became convinced chat 
SpedeS were mutablet Buffon, Erasmus Darwin, Lamarck, 
Spencer and some Others. They had in fact arrived at ft theory of 
evolution. Bnt. theif ideas never seem to have canghr hold of the 
1 t4t4,p. it. 


OUTLINE HTS CORY OF EVOLUTION 

imagination of biologists in genetal and they were never inte¬ 
grated. Tire philosophers knew the answer, indeed, they had 
always had it, and Kant had given the naturalists the due they ah 
wanted to csplain the infinite variety of plants and animals in the 
world, but few of them took it up until Charles Darwin dis¬ 
covered the connection independently and from biological 
evidence alone. Id is Solution to- the problem was simple arid 
direct. It was a Stroke Of genius and it consisted just in this; that 
among Specie? there was gtlrttii tkttsni vita atodipcstims tthkh juians 
mi nr a tty ttiiHid- This seems to be stating the obvious now, but 
few biologists had grasped its significance until 13 aiwi.n enunciated 
itr Descent with modification was the key to the understanding 
and the explanation o£ the evolution of species.. Its enunciation 
ushered in the biological revolution which D. G. Scott talked 
about at chc Ljnnarau Society meeting in *908. One may say that 
Charles Datwin changed the whole outlook of biologists ovqt- 
[1 ight as it were, and much of modern theoretical biology springs 
from that simple phrase. 

It is necessary to state the theories which Darwin put forward. 
These theories in their original form became known as '‘Dar¬ 
winism*; later, after a period. of decline, Darwinism was te- 
susotaccd and was then called ■‘neo-Darwlnismk Nowadays the 
original Darwinism is considerably modified, but its basic tenets 
have been incorporated in the modern theory in much the same 
way that Menders principles form the basis of modem genetics. 
It is not correct, however, strictly speaking, to call this modern 
theory either Darwinism or neoDarwinism. At the present time 
the modem theory has not got a name which is correedy 
descriptive of it. 

Natural selection is the keystone of Darwinism. With true 
psychological insight Darwin in fact began his Origin af Spitiss by 
considering the effect of man's selection on races of domestic 
plants and animals. He concluded that the accumulative action of 
selection bad Ecsulted in improvement: of many breeds and had led 
to production of new ones. Hi S most celebrated example was that 
of the common or domestic pigeon which exists in Sc* many 
varieties. He collected varieties from all Over the world. And by 
tarefnl study and breeding of them, he plOvid that all [he various 
breeds were descended from one single species—the European 
Rock Dove (Gpftjwftff ih>i&). The influence qf human selection in 
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this way was Si dew that DarwWs contemporaries were thus pre- 
disposed to appreciate hi9 arguments for MtUffll selection. 

The term 'natural selection' was a pwtioikrly unfortunate 
choice of words by Darwin to explain what he meant- Th* phrase 
'survival ol the fittest', which is fat mote MpliaatQty, is also used 
and has not the human connotations which the first phta.se has. 
Darwin himself was cateful to point out that natural selection was 
only a metaphorical expression. Nevertheless the common 0S6 
of the term and its over-emphasis has led 10 the belief among 
many people that nature -HWts. This is brought about by per- 
sonaliwitg 'nature' in teems of capabilities towards a conscious 
choice and by depersonalizing purposive Selection towards a non¬ 
ration a 1 ‘choice 1 - The term ‘natural selection' as nsed in the 
Darwinian sense is a metonymy, whether those who use it under¬ 
stand its implications ot not* because it involves a contradiction. 
The word 'nature 1 means the non-ratio nal aspect of the universe, 
while the word 'selection 1 means the flee choice by a rational 
person. 

It is easy then to argue for an evolution controlled purely bv 
chance, by referring to the wort of a non-rational entity US though 
it wert tliar of a rational creature. To make the position concise 
and clear this misuse of words in the phease 'natural selection* 
must be emphasised because it is rarely mentioned itl the Dar¬ 
winian literature, and unless the meaning of the term is grasped 
by the mind the interpretation of Darwinism will be coloured. 
These remarks apply with equal force to some modem evolutionary 
writings, but in the more advanced type of biological papers there 
is a tendency to use only the single word selection which is 
justifiable liecause the process in nature which is dealt with docs 
simulate- selection. We must perforce retain the term here firstly 
because of the lick of mother suitubLe term and secondly because 
it is in such common use nowadays. 

The argument in favour of Darwin's natu cal selection theory is 
based on three sets offsets and two deductions from them, These 
are given below. 

i. Ida ridttQtt, 

An examination of individual plants and animals shows that 
types or species can be recognized with reasonable clarity. But 
indkiottih are always different from each other, SO that the Species 
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is nlfide Up of a larger or a leaser number of similar varieties each 
of which differs from its like varieties in some way, This is a fact 
of observation, Dstwin found that genera with more Species 
showed a greater numbet of vari-sties than those genera with a 
smaller number of species, On due theory of special crcarinnigm it 
would be diJfLculc to find a reason for Ibis, but it - a easily explained 
if it es assumed that spedea originate as varieties, and later become 
species, 

i. Owr rprndtsiian , 

Very many plants and animals produce vety many seeds or eggs 
which, if all grew and developed, would soon cover the earth. 
One of Darwin's esamples was thac of the elephant which he 
found Starts breeding when it is about thirty years old and lives till 
it IS alxjut one hundred years old; in that time it produces on the 
average about six young. It is reckoned to he one of the slowest 
breeders among animals. But even so, after a period of seven 
hundred and fifty years, there would be nearly nineteen million 
elephants alive descended from only a single pair. There arc many 
similar examples even, more Stli king—the Humber of seeds 
produced by a sunflower nr a hollyhock, tuns Into thousands, 
while some fishes may each produce a million or so eggs. Thus 
there is much evidence to show that plants and animals tend to 
increase in numbers in a. geometrical ratio, 

l , Rivb/h f A wsiancy of inumbers. 

Over a period of time the relative nu rubers af i ndividuals and 
species, etc,, remains more or less constant. Hence many plants 
and animals must be destroyed at some time of duelr life, other¬ 
wise, due to the large numbers of seeds and eggs produced, the 
earth would not he large enough to contain them, and dug is notao- 

4. J ,i niggh fw fv-jiV tswt r 

The first deduction from the above frets is a very important 
Otlfi £bt the theory. If large numbers of i ndividuals arc destroyed 
then it is reasonable to Say that there is a struggle for existence 
among them. Consider, for example, the grasses in 9 mass of thick 
turf—it is fairly obvious that then is just not enough physical 
room fere all the seedlings they produce to grow. There is & com" 
petition Jlmung species but it is nor necessardy a conscious 
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jttWBlc. Ii IS tnic tlMLt two fighting animals may be conscious of 
theit fight, but they arc not aware that they may be having an 
effect on the numbers of thdr species, or again , f>arv?in a example 
of a plant ML the edge of a desert LS not aware of a struggle against 
an evet'tccurring drought. Seedlings in any tightly packed area 
will he competing for water. Thus Darwin considered that the 
Struggle occurred between individuals of the same species, or 
between individuals of different species, or again against the 
physical conditions of life. 

This competition among species has been vividly illustrated in 
some cases where the normal competition which a species en¬ 
counters has been removed; opportunity was then provided for 
the tendency of the species to increase in numbers. For instance, 
the Canadian waterwood ('Ei'i7iH?r? (Ci^ffoufr) was introduced into 
the River Cam and within a very short time it had increased so 
much as sttiousJy to interfere with the boating on the rivet, and 
subsequently it spread eo the absence of its natural competitors to 
many waterways, becoming a tttiMU pest. Rabbits were intro¬ 
duced into Australia arid SOOU increased so tremendously :n 
numbers as again to become a serious pest. 

j. Soninas aj the firttsi sr HAiwai sthsikt). 

Tbs is the final deduction and crux of the theory- It is based 
upon the fact of variation and the first deduction of the struggle 
for existence. Given these two premisses, then, it follows that 
varieties with favourable features in a given environment will 
tend to survive longer than those with less favourable variations. 
The conclusion is that they will be rUttwaffy WMtfd, Darwin 
expressed the argument thus; 

Al many Jmora individuals of each species are bom, than can possibly 
survive; and as, consequently, there is a frequently recurring struggle 
for existence, it follows that any bdng, if it vary however slight!’/ 
in any manner pro Be able to itself, under the complex a nd sometimes 
varying conditions of life, wiLL have a better chance of survivj rig and 
thus be ftj frifaky ick;t:a. From the strong pdneipLa of inberStance, 
any selected variety will tend to propagate its new and modified 
form. 1 

Darwin considered that this process of natural selection took 
place automatically- It does seem as though nature ^selects' 
* 1S59, jrd edition, pp. 4-5. 
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certain tvpes, It is undoubtedly true that the process doe-S occur, 
but the advantage of this to the species as a ‘whole is assumed in 
Darwin’s theory and not proved, in a certain on 1 iron men t a 
certain, variation may be selected but the advantages the variety 
possesses may be unfavourable in another slightly different 
rnvjfnnment. Thus natural selection acts fortuitously and On the 
average it could be expected that the normal form of an organism 
would be perpetuated because it at least has been tried; the 
variations would cancel each odier out in the long run, ot their 
edeCt would be nullified. It Is thus possible that natural selection 
oould lead to constancy, not change; the Darwinian inference,, of 
course, is the direct opposite of this one, Darwinians maintain 
that if favourable variations ate continuously selected by means of 
natural selection, then through reproduction and heieditv Such 
variations will tend to accumulate in the species and gradually 
come to change it. The function of natural selection is to lead to 
the evolution of species; natural selection could be said to he die 
cause of evolution. According to this theory evolution Seems to 
occur by means of A haphazard process. HenCe the phrase 
'evolution occurs by chance'. Now ‘chance’ Is technically a 
mathematical word, and as such it does not mean that the 
operations concerned in it ace working against or without known 
laws. 

The reader may well 4 sk here: 'Natural Selection may be a fact 
of nature, hut if the favourable variations are small how can they 
have any effect on evolution?’ The question is valid and in fact 
crucial. Small single variations by themselves would not affect 
the coarse of evolution and natural selection would then, be just a 
phenomenon which led to the extinction of misfits. Natural 
selection only affects evolution undet certain conditions; id} the 
favourable variations which occur must be inherited; (b) they 
must be urn-directional because obviously a variation linked to an 
unfavourable one, or one jo a contrary ditection, would lead 
nowhere; (cj they must be cumulative. Hence Darwin postulated 
the occurrence of slight continuous variations Occurring over a 
longer or shorter period of time and which weic continually 
naturally selected In one direction- As the effect of the new Vitia¬ 
tions accumulated a new Species gradually emerged. This would 
be evolution. Darwin said that natural selection works daily and 
hourly ‘at the improv ement of each organic being in relation to its 
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organic and anorganic conditions o£ life 1 . This would seem to 
indicate only that ptiy approach to perfection of adaptation and. 
fitness attained by any individual, or group of individuals, 
necessitates a change ltl the nature Qt shut indrsidunl, or group of 
individuals. In Other words, if we assume rltat the differences 
sepaiating Species are deep-seated, afiecting the whole Organ iKitEon 
of the individuals of that species, and are cot merely superficial 
characteristics, then slight variations continuously occurring and 
continuously naturally selected may perhaps produce and per¬ 
petuate varieties, ot races, of organisms but not necessarily 
species. Some modern Darwinists contend that small variations 
may under certain circumstances be tartiod dormant, as it were, 
in the germ-plasm of a species until ft Suitable environment gives 
them the chance of outward expression. Nevertheless, die 
comments just made ant Still valid. There is no example of an 
absolute change of urtt species into one with a different nature. A 
Drejflfdrjir fly, for example, is always a Dnnopbffa fly, and as 
legar'ds members of a fossil ser ies we are scarcely in a position to 
dsscuss the nature of ancient remains. 

Unlike Lairaxckism, however, the theory of natural selection is 
not really a theory of origins at all, because Darwin did not say 
how the variations arose. He took diem for granted (and indeed 
he COuld noc do otherwise at the time he wrote), and then he 
supposed that natural selection worked on them. The new species 
onte crested represented the Suffl, toial of an accumulated mass of 
advantageous but mysteriously occurring variations. It is 
interesting that Darwin, like Lamarck, never tested his theory 
experimentally. This fact is all the mote curious when we 
remember how .assiduously he worked on the problem of selec¬ 
tion in pigeons and on other matters. He does not seem to 
have tried to find examples of actual cases of natural selection 
working in the field. Nevertheless, the theory is an intellectual 
achievement of the first ordee, but as a scientific theory it should 
have had some experimental basis, or at least testing. Even years 
after the publication of the theory there is not a great amount of 
experimental work to test It. JuSC like Lamarckism, it makes 
several Large and gratuitous assumptions. It is assumed first and 
foremost that [he variations Darwan envisaged are i allied ted. In 
point of fast what he called variations are perhaps better called 
modifications which ate not inherited;, they arc probably due to 
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minor changes in the local environment, They are distinguished 
fit>tn mUEarians whicll ate inherited. Hence, if Darwin had tested 
the inhtritability of his variations he -would not have been able in 
give his theory rite support which ie needed from inheritance. 
Darwin’s VtlktMW were imagined as being very small and for 
them tD accumulate in a species they would have to be uni¬ 
directional towards the production of Some new characteristic 
appearing generations later. Hus point also was assumed by 
Darwin. Again, before the advantageous variations could have 
any real effect the unfavourable ones would have to be con¬ 
tinuously eliminated prior to their reproduction, otherwise they 
also would affect succeeding generations. And there was no 
evidence in this connection either. There are other assumptions 
implicit in Darwinism stud in fact a modern writer, J, G. Willis, 1 
hss enumerated about shlrty-thece of them, but according to some 
Other writers, such as J, S. Huxley, 2 not all of them are valid. 

One of the outstanding features of the history of biology is the 
fact that Darwin’s theory was seised upon, not only by biologists, 
but by writers in general. It looked as though the world was 
waiting for such a theory. Here apparently was a purely natural 
explanation in terms of natural causes of the evolution of species. 
It has been reiterated time and time again that one of the reasons 
for the popularity of the theory was that, as it gave biology a 
mechanistic theOEy of Species change, at furnished materialists with 
further arguments against religion. Na doubt there is a large 
measure of truth in this statement and since Darwin’s day large 
bodies of Churchmen have opposed the- theory for this reason, 
By and large the Churchmen came Off worst In the arguments and 
counter-arguments because they were on unfamiliar grounds and 
"because theit attacks for the moat part were ill-advised. It was A 
serious mistake to attach the theory, or indeed any scientific 
theory* because some people used it to bolster up a philosophical 
theory; because the scientific thcoty may be perfectly correct, but 
the materialistic interpretation completely wrong. With the 
passage of time, however, the issues have become dearer, and it is 
difficult Eo maintain that Darwinism, Ot its modern equivalent, is 
essendally irreligious, although thete are still plenty of people 
who (tv bo make it SO. There are many Christians, including 
Catholics* who have no difficulty in accepting Darwinism. Hence* 

I pp, J&j-i-fiS. 
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we should ***** ** «»y oorffct between Dmixwm and 
religion nowaday* « appa^t rather than real, or ™ ** to rms- 
un&ading of either religion <* D™" 1 ' B ™ * 9 ™ 
have been largely igoo=*i m the p«t and unfortunately they are 
SO still, with the result that, in some instances, the conflict 
between religion and science over this issue has been widened. 
As a theory of nature, Darwinism States that specie* evolve in a 
natural way, and SO Darwiidan biologists avoid postulating 
irijiatulous intervention? for tbs origins of Slides. Biology in this 
important matter is thus brought into line With Spence and 
preserves the unity which is SO conspicuous fl feature of science In 
general. Divine intervention may Still occur in evolution without 
necessarily upsetting the laws governing the process i 0.0 one 
seriously 'contends that the miraculous cures at, say, Lourdes 
upset the ordinary medical laws governing the processes pf healing 
or tissue restoration. 

Natund selection^ as contrasted with miraculous events in 
nature, merely emphasises the harmonious workings of natural 
causation. Hie contrast of natural selection and miraculous events 
is a good example of the order from Older principle w hich 
Schtodingcr 1 bods is so characteristic of living matter. In the 
present state of our knowledge natural selection may seem to be & 
rather haphazard process but it by 00 means follows tb&i it k so in 
fact. According to rhe law of uniformity wc would expect it to he 
controlled by some law OE laws.* To C*U natural selection a 
chance process is misleading because the word 'chance' here refers 
to a statistical process of analysis of luological results t it k not 
a hsologiral word. Judging from their writings some biologists 
would really seem to believe that there is no "law'' behind the 
evolutionary process* which, for scientists, in an astounding 
belief to bold. The whole purpose of their working life is to 
unravel the bws of nature con cernin g living things, but in their 
greatest generalisation by a misuse of words iht impression is 
given, and even fostered, that thete is UO law. It" the word 'law* 
here is transcribed into 'CftuSC*, or again into 'purpose', an 
explanation of this suicidal belief becomes evident. It is seen in 
Weismann's statement that biologists must belifive m natural 
selection* otherwise a principle of design must l?e assumed, 3 or AS 

1 tajl, a See pagt jaj, 

* Quoad from Uirquis a£ Salisbury']. AddiEii, lS^u). 

4 ^ 



OUTLINE HISTORIC OF EVOLUTION 

T. H. Ilcudey said 1 ] 'It will cacty us softly ovec many a chasm in 
out knowledge,, and lead us to a region free from die snares of 
dinsc fascinating but barren virgins, die Final Causes/ A modern 
writer, J. S. Hurley, 1 put a similar point when he wrote: 
‘[Evolution] is just as much a product of blind forces as is the 
tailing of a srone or the ebb and How of the tides/ 

There have always been religious people of all hinds who have 
believed in evolution and its various theories, including Dar¬ 
winism. It is tremendously important, therefore, to realize that 
Darwinism is a theory of secondary causes and as such it implies 
the operation of the First Guise. As a harmoniously working Law 
ofnatuie ic does not detract from our conception of the dignity of 
God by giving ue yet another example of a natural Law which 
seetns to he chaotic in ha workings but is beautiful and exact in its 
icsuits. 'HjOw incomprehensible are his j udgmetUS, and how un¬ 
searchable his ways i For who hath known the mi nd of die Lord ? 
Or who hath keen his counsellor/ 5 
One cannot discard ft scientific theory merely because Cettaiu 
people find it amenable to materialistic and anti-religious inter¬ 
pretation. Surely history has shown that to oppose or condemn a 
scientific theory for this reason often tcsnlts in an increase of 
scepddsm (regarding religion rather than the reverse. It becomes 
necessary for refigious philosophers to counteract these tendencies 
by a truer approach to the scientific theoty, enlarging on its 
inherent goodness which it must possess if it furnishes a correct 
natural explanation of some natural plicnomenon, unless indeed it 
Js purely neutral in its effects on human thought. A materialistic 
interpretation can always be countered by a thCLStiC onc r 
There is another important reason why Darwinism was- seized 
upon so avidly during the Last century, and this reason also 
probably explains why Darwinian ideas became accepted by 
biologists in pardcular. This reason is found in the way Darwin 
arranged the material ill hie book. He began his Origin of Spains by 
discussing variation and die effects of human selection on 
domestic, breeds ; then he passed to variation undei nature and SO 
to natural selection ; and then lit marshalled the known evidence 
for evolution. The psychological effect of this arrangement on 
Darwin’s biological contemporaries mast have been great because 
they found his theories so compelling fiod reasonably and held out 
1 1 fig*, p. n. 1 1943, P- 3 76. 1 PanJ'i Bpitiie k> lie Rotraot, it : s.j-34- 
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J.uch bopt for the future in biology that they weft eagerly 
accepted. Darwin gave biology a unifying principle which 
showed promise of matting biology ft ttw and orderly SOfiAM. 

The trust placed in his evolutionary evidence add theories hag not 
been misplaced because, with foe passage o£ time, foe idea of 
evolution haa developed and become further rationalized in men’s 
minds. In some casts, however, the importance of the theory has 
been over-emphasized; nevertheless, biology is now a unified 
science, ftikd is further strengthened by being analytic math*, 
nutinUy in some branches. Further, many of the, biological 
obiccrious or criticisms of early Darwinian theory have been Saris- 
factorily answered, or have taken on a new meaning as knowledge 
of the subject advanced, or have vanished because of Gather mis* 
understandings of the biological narure of die tacts involved. 

As * result, Darwinian theory has found its i important place in the 
modern theory of organic evolution, 

AFTER DARWIN 

The Origin of Spates is reputed to hive been sold out on the very 
fkat (lay of publication, and since then it has gone through many 
editions and repr lutings. Almost immediately after publication 
Of Darwirfs theory violent controversies arose. In an age when 
man obviously stood apart from other created things, die idea of 
an evolutionary scheme which might include man wag a rude 
awakening and was inevitably bound to provoke opposition. 
And doc to mMy circumstances this opposition became sadly mis¬ 
directed and largely futile. In biology, evolution quickly became 
the master-key to many doors and because the theory’ was well 
based on sound scientific principles ir was highly successful. And 
SO both biologists and religious peop!e were to blame for foe 
interminable arguments and counter-arguments. Misconception 
was foe order of the day and, under such condiuons > the task of 
giving a erue snLcsprcraLian of evolutionary cheery was rendered 
exceedingly difficult for those who contended that there is no 
iuheient contradiction between evolutionary theory and religions 
belief. 

Today we can look ac these earlier controversies with a more 
chastened attitude ftnd we can see how nearly ail of it was really 
unnecessary and that progress in both biology and religious inter- ■ I 
& 
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prctatioii was greatly retarded fend a generation. o t two. Wc have 
now ft much better understanding of the relation between 
evolution and religion, but tbe effects of the Darwinian con¬ 
troversies still remain. These effects me seen in those biologists 
who cannot envisage any explanation beyond a materialistic one, 
and among those religionists who, discarding a modern literal 
historical interpretation of the Bible, have watered down its 
meaning until practically nothing is left, or who, realising that 
evolutionary theory lias been made wide uk of by materialists, 
have attacked tll£ biological theory itself instead of the Inter¬ 
prerations put upon it. 

Tims, after the time ot Darwin, tbe evolutionary theory grew 
rapidly in content and meaning with an ever-increasing tempo 
nntil today we have ill it one o£ tbe most highly developed and 
complicated theories rltat any man, or group of men, have ever 
produced- The strong point of die theory lies in its workability 
and in the universality of its appeal to biologis t and ilOn-biologist 
alike, to fheist, atheist, agnostic and pagan also. 

Many famous biologists, such as T, H. Huxley, Honker, 
Romanes, Wallace and the geologist LyeH, to mention only some 
of the older ones, strongly supported the Darwinian, theorv and 
established it in the biological world, We must not th ink, how¬ 
ever, that there were no serious objectors or objections to the 
theory as it was originally propounded by Darwin. Most of the 
informed Darwinian critics attacked a single point in the theory 
and relatively few wrote Sustained attacks cm tbe basic tenets of 
Darwinism. In the Darwinism period it j£ always necessary to 
distinguish between attacks on the evolution theory itself and 
those on Darwinism,, or natural selection as such. Many people 
accepted evolution as a reasonable explanation of the known facts 
hut they did not accept .Daiwin's theory of the way evolution 
occurred. It is beyond our purpose in this account of the growth 
Ot the evolutionary concept to give much information about 
these early Darwinian controversies ftrtd Objections, It is sufficient 
60 our purpose to point Out that both Darwinism snd the 
evolution theory in general were attacked from the very beginning 
and wc may mention Mivart, 1 Jenkins 2 and Kortchinsky. 3 For 
feller information tbe reader may consult Kellogg 4 and Pother-. 

SUL* 

1 1871. *1*67, JtS 15,1501, *13013. *193*. 
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In the biological world the imm ediate result of the ad™t of 
Darwinism was the -Rtimukitlon of tesearch in all directions. 
Biologists now were not SO much iuecrcited in classification for 
classification's sake, but they began to look for lines of descent 
and genetic affinities among organisnis and £o search for further 
evidence of evolution. One of the chief but later results of the 
theory of natural selection was that a search fot the mechanism of 
this causal emanation of the evolution ary process was begun. 
Thus the period between the publication of the Grief,4 of Sftfttcj 
and the rediscovery of Mendel's principles in 1^01 was a very 
fertile one in the history of biology, With the rediscovery of 
Mendelian principles the fcrmulative period in the history of 
evolutionary ideas ended and the modern period began. But ill 
the modem period the general ouclook gradually became radically 
altered due to an increasing knowledge of the mechanism of 
heredity which had been nearly completely denied to biologists 
and natural historians prior to about 190m 

In Older to complete the Outline history of evolution given io 
tbU chapter it is now only necessary to indicate a few chief 
concepts which arose after the time of Darwin and which bear 
directly on the evolutionary theory and which have contributed 
to it» modem developments. Thai, it is only necessary to 
mention Weismann's theories and the advent of tlic mutation and 
genecical theories. 

S chid den and Schwann had laid the foundations of the cell 
theory in iBjd and i 3 jp. In iBj 4 Newport actually observed the 
process of fertilization when be saw a spermatozoon enter a frog’s 
egg. ^tffhiLe in 1859 Hcdwig contended that of the two nuclei 
which fused m fertilization, one ultimately came from the male 
and the other Emm the female parent respectively. Ten years later 
von Kolliket, Weismann and Hefrwig independently came to the 
conclusion that the nucleus is the actual part of the cell which 
hears or carries the hereditary substance. From this knowledge 
Weismaun 1 developed his germ-plasm theory which now forms 
one of the basic concepts of modern cytology and genetics. 

Weismann’s great contribution to biology was the recognition 
that the amtopkm t or body, is distinct from the gfrm-pl&im or 
actual reproductive part of the body of an organism. These two 
parts ate early differentiated in the developing fertilized egg, SO 
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much SO that Weianmnn contended that the germ-plasm is con¬ 
tinuous From generation CO generation. Such a conception is 
fundamental and leads logically to die view that only the germ- 
pLasm is concerned in heredity. It follows that before change or 
evolution can take place in an organism che germ-plasm mu st first 
of all be altered. Since Weismann's day this concept has been 
accepted and hence the majority of causal evolutionary' in- 
vesrigations have centred on (he ways in which possible changes 
In the germ-pksm may occur and the consequences of such 
changes. Weisnuum thus laid the foundations on which sub¬ 
sequent workers could build after the rediscovery of Mendeljan 
principles to produce the modem theory of heredi ty. It should be 
pointed out that no matter bow early the differentiation of the 
somatoplasm from the germ-plasm, both of these regions have a 
common genesis in the fertilized egg and the first few cleavage 
cells in all cases, at least in higher organisms. 1 

Mutationism, or h*tWQg«K 4 is, was pc oh ably first put forward 
by Korschinsky in iESp > but the mutation theory is generally 
ascribed to de Vries who hist brought forward observational and 
experimental evidence for it iu 150By this time and due to the 
work of Bateson 2 it was recognized that there were at leasr two 
kinds of variations. All variations were alike to Darwin. He did 
not distinguish between the various kinds aild he assumed that all 
of them were inherited. The variations which. Darwin thought 
chiefly responsible for evolution were those ever-present small 
variations which were considered to ptoduce change in the species 
by accumulation, Such variations were often called Darwinian 
variations. In 18514, however, Bateson Focused die attention of 
biologists OH these variations which are more correctly described 
as fluctuating variations, when it became recognized that they arc 
exceedingly common in ail species and that they seem to depend 
On the environment for their production. They teally represent 
the response of an inherently plastic species to small Local changes 
in its SUtrotindingS. and they are not in fact usually inherited, 
Nowadays they are generally called modifications and as they are 
not inherited they can have no effect on the evolution of Species, 

However, there ate variations which just arise suddenly and for 
this reason they used to be called saltations or sports. De Vries; 
gave them the name mM/m and they may also be called de 

I ;«£ jlsrc page ; j j. 1 3115.4. 
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Vrieslan mutations to distinguish them fmm other types of 
variations or mutations discovered brer. The de Vtiesian 
imitation is generallv fit large variation which is produced by Some 
Change in the getm-pl&Em and it is thus permanent. Hence de 
VrifiS was led to consider that it was these variations which arc 
really concerned in evolution. 

De Vries 1 worked with the Evening Primrose (CEtMtibfa 
kmarrtieM). fie grew this pkntin his garden for seven generacions 
and out of a total of 34,343 plants, he found G94 dehnite mutations 
which fell into seven distinct groups. Some of these mutations 
were produced only once or a few times, while others appeared in 
each gen eta, lion. The important ]Xunt about them was that, once 
produced, they Ten hied, that is, they bred true. In nature such 
mutations occurred in all directions, and some W«e adaptive and 
some were not. De Vries* nictation theory thus fitted in with 
Darwinism to the eitcnt that natural selection was still operative. 
The new theory differed ftom the older one in choosing certain 
large variations as the raw material of evolutionary change. 
Another essential difference W»S rhat Darwinism envisaged a 
continuous process of ev olution by means of scarcely pcrceptibre 
changes, while mutationlsm led to discontinuous evolution. 

The careful experimental work of de VrieS SOOH led £0 its 
general acceptance by biologists and evolution by means of 
mutations became recognized as one of the means of evolutionary 
change. Later it was discovered that the plant de VtifiS bad 
worked with was, in fact, a Y^ry complex hybrid and a cyto¬ 
genetical interpretation could be given for the sudden but con¬ 
sistent production of mutations. Hence de vties’ mutations were 
not actually mutations in the Strictly limited genetical sense, but 
they were rytologicwl types- Nevertheless, other organisms 
produced sudden large mutations for whidl flO cytologkal inter¬ 
pretation was giver, and so the theory remained- 

WhcU Mendel's work 00 inheritance in garden peas was re¬ 
discovered in tgot by Onnens, de Vries and Tsehermak, it soon 
enabled biologists to construct & new mathematical theory of 
genetics. It is important to point out that modern genetics is 
concerned with a particulate: theory of heredity. It deals with 
particles or units called >ywr or fat ton and it seeks to explain tlOW 
these genes move in and out of generations of individuals. With- 

1 igcr, 19a], 
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out modem. genetics based on this conception of itinerant genes, 
evoLutionaty tbeoiy in general would pint-ably have made little 
headway. 

With the rise of modem genetics came the discovery of gent 
mutations produced both naturally and artificially, Soon the 
connection of such small mutations to evolution was recognised 
leading to the modem theories of evolutionary causation. As 
gome gene mutations weB found to be small, everting CHiremely 
small effects on organisms, it was soon realised that they in fact 
replaced the non-inheritable Darwinian variations. Hence to 4 
certain ex tent modern evolutionary theory has become a developed 
Darwinian theory with natural selection in a foremost position. 

Consideration of these modern discoveries shows that they ate 
quite distinct in type from chose underiving earlier theories and 
ideas which we have outlined in this chapter and hence they arc 
left fot separate and detailed treatment in Later chapters (j and G). 
Having given an outline StOty of the development of evolutionary 
ideas up to the beginning of modern times- we will now con¬ 
centrate On the evidence which is put forward to show that an 
evolutionary process actually does occur in nature (Chapters 
J and 4 ). 



Cbspitr III 

The Classical Evidence for the Occurrence 
of Organic Evolution 

r. INTRODUCTION 

A FI rneSS which recurs in certain kinds of evolutionary literature 
is: tut however pleasing such a belief might be it could not be 
held hy rarer flW wlighitntd people', or some variation on that 
theme/ In this way some evolutionists try to convey an impression 
to their readers flt tine beginning of some explanation Ot argument 
that they are right and the Other fellows are wrong. No doubt 
this Sent of thing is just a trick of the propagandist, hut many 
people who use such phrases would he bonified at the thought of 
heing mere advertisers for evolution. We have mentioned this 
unfortunate ingredient of some evolutionary literature because 
w e are now at the beginning of the controversial part of our 
subject, although there is an increasing fiumher of evolutionists 
who assert chat the rnatiet is now beyond argument. The 
evolutionist, however, is just as likely as anyone else to make 
mistakes and wrong judgments, <st to be just plainly wto-ng- Wc 
can all take reassuesnee from Niguel dc Unamuno's words' that 
( If a man never contradicts lumself, the reason must be that he 
virtually never says anything at aIL a 

Evolution, in Darwin's opinion, was a process by which ail 
living things had descended ultimately from 'one or a few" initial 
progenitors- He collected togedtci and advanced what we may 
now call the classical evidence for the Occurrence of organic 
evolution. Whether he prmd its occurrence or not is another 
nUttet, and 5t still logically remains so in spite of foremast 
eyoSudonists saying that the existence of evolution in thus sense is 
'an incontcOvcttible fact'. 

It may be instructive to consider some other conceptions of 
evolution in relation to Darwin's, The following are all taken 

1 Spv'-m; 10 *inl by B. Schilling er r 15-5 1 , p. 7*. 
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from ft symposium on evolution edited by F- Mason in 

which each chapter was written by a different authority, D. S. 
Jordan (p. t), ft chsmoelloi of a umvetsit^ wrote: 'Bv evolution, as 
the word is now used, wc mean the universal process of orderly 
change/ la this definition dte whole of the cosmos is mduded- 
1 , A. Thomson (p. 1\), a professor of natural history, wrote: 
'Evolution means a way of becoming/ H. S. Jennings (p, 24), a 
professor of zoology, said; 'The doctline of organic evolution is 
the doctrine that animals and plants are slowly traosfocming, 
producing new kinds; that dtcy have done this in the past and are 
continuing to do it now.‘ Professor hfacBiide (p. 49), a zoologist, 
considered that 'According to the theory of evolution as it is 
applied to zoology, the fundamental likenesses of, or homologies 
among animals are the expression of blood relationship/ W. B„ 
Scott (p. 8a), a professor of geology, wrote: 'The theory of 
cvolution—-that all living thing) now in existence have arisen by 
natural descent, with modifications, from ancestors, that might be 
tiared back, step by step, to unknown simple forms of life.’ Sit 
A- Smith Woodward [p r ray) considered that c So far as it gees, all 
the evidence points in the same direction—to the slow and regular 
advance, of the world of life in the way already stated. No 
conflicting evidence has thus far been discovered/ The editor of 
the symposium, F. MftSOU (opp. p, I jo) wrote: ‘The essence of 
evolution is unbroken sequence/ 

Starting With Darwin’s conception of evolution it is thus 
obvious that different biologists have different conceptions of the 
process. At pne extreme we have the definition of evolution as a 
descent from one., or ft few, original organisms; at the other 
extreme we see evolution as mere orderly change, or a wfty of 
becoming; and in between we learn that the essence of evolution 
is unbroken sequence, The only thing in common between all 
these conceptions of evolution is the implied statement that some 
kind i£ evolution has occurred- Hence, if we ace told that 
evolution is ft fact, and then, from this fact, very wide im¬ 
plications are d rawn touching on the nature of man, it is 1 important 
that we should first enquire about the fact. Possibly everyone 
would accept evolution ftS ft proOBS of orderly change aft we 
see it now, but many people would not agree that ad living 
things are descended from one original ancestor, i.£, that mono- 
phyletic evolution is a /set as distinct from ft probability, or from a 
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WOlkkw hypothesis. Thus, it becomes OKEBKT to examine the 
lea^oos for belief in evolution, Wc wish to isceitfttii the 
limitations, if any, attached to statemfiEits about evolution. 
Evolution may he'too far-reaching a concept to accept on faith 
alone. Some evolutionists mav say WC arc befog obscurantist, 
reactionary, uninformed and 90 on, but the troth h we are merely 
being scientific and aertslble- ^ 

The evidence fu£ evolution has- been described scsetal times. 
Our purpose hete is not to go Into too great detail hut yet to give 
enough to enable the reader to form a balanced opinion, If the 
reader wishes for greater der;ul be must go to individual rata 
which deal with specialised aspects of the subject We will 
consider the type of evidence presented by biologists and examine 
the justifications for die conclusions if this is accessary, and then 
civc some criticisms which may have been held against the con¬ 
clusions, or statements, made. In Chapters j and 4 we ate chiefly 
contented with what we have called the classical evidencej the- 
modern genetioal evidence will he given it! Chapters 3 and 6 . 

a, RVI DEM Ct 

■Chains Darwin first assembled the various lines of evidence fot 
the occurrence of organic evolution. In hie day he knew of five 
Lines and Since then one Other has been added- We will deal here 
with the first five of these These lines of evidence are taken from 
different branches of science as follows: (a) evidence from 
morphology and comparative anatomy 3 (b) evidence from 
classification of plants and ariinuds; (CJ evidence from em¬ 
bryology and serology; (d) evidence from palaraitalogy; (e) 
evidence fEom geographical distribution of plants anti animals; 
{fj evidence from genetics and related subjects. 

In considering evolutionary evidence-, especially that from 
comparative anatomy* the concepts of homology and analogy arc 
often used and they should be understood from the beginning. 
The English comparative anatomist Richard Owen first gave 
precise meaning to these terms. In X 8-43 he defined an anatQgfts as a 
part, or organ, of one animal which has the same function as 
another part, nr organ, in a different animal, and bd&QkgM he 
defined as rhe same organ in different animals under every variety 
of form and function. The dhftrenee between dicae two words is 
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thus fundamental for the one is (dative to the function of a part 
independent of its morphology, while the other is relative to the 
morphology of a part independent of its particular function. A 
modern definition would only add to this the necessity fot a study 
of the developmental history of the organisms concerned before 
arriving at a conclusion. An example of analogy is seen in the 
porpoise, the cxdnet ichthyosaur, and a Esh. They are analogous 
in their common fish-like bodies, but the first is a mammal, the 
second a repdle and the third, of course, is ft fish. An example of 
homology is seen in the thyroid gland which de Beer 1 described as 
showing a perfect hoitvologous aeries. In the Arxpbioxm the 
endostyle consists of tracts of glandular tissue separated by 
ciliated cells which waft mucus along the structure; in the 
Aminocoete larva of the lamprey Pttrea^pfl, a structure identical 
to the endostyle is found, but In the adult lamprey this endostyk 
loses its- cavity and its ciliated cells, but the duct becomes the 
thyroid gland which is found in all higher Crftlliates, Thus the 
thyroid and the endostyle- ate Strictly homologous although theit 
functions are completely different. In some cases, however, 
homologies break down, as for instance among the bones of the 
skull of some fishes, 2 The principles of homology are considered 
to indicate the deeper relationships of animals and their pacts 
which lead to the recognition of common descent among them, 
or of their ultimate genetic relationship. 

(a) Eviiizute frta} eompflfttfm nwtomj 
Owen first recognized 30 ftfchtype in animals which was a 
hypothetical type of generalized structure potentially embodying 
all organisms in. A group. An examination of animals and plants 
shows that thtre are large groups called pbj& in each of which 
there is ft common plan Of construction. This plan covers the 
major parts and appendages of the body and often extends down 
to detailed structures. Each phylum is distiller, although some of 
them may be analogous in form as in various types of worms 
wllich have a worm-Like Outward shape but are completely 
dift'enent in their morphology and structure. Older classifications 
generally gave about ten or twelve phyla in the ani mil iungdoul, 
but modem authorities recognize about twenty of them. Tlte 
more important ones are as follows; (t) Pma^pa (unieeHulftr and 
1 [<341, p. 477. 1 Wertati, : y; 6. 
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colonial (*) P«f«* (sponge.), (3) (JyWdj, 

coin Is, and itQj^h») ; (4) GrapteUtkifta (t*£mct ud doubtful}, 
(j) (flawonw), {*) Mart™;< h “ ,™?J> 

(7;, jV^Mw^w (thread warns* nematodes/, (B) Trt^towrtar 
total flulmilratoX ($} Amtk& (segmented worm), <w) 
(^mosses), (it) Brotibpah ilampshelk), (ia) 

(sea-urchins, Stttfisbei), (I>) (molluscs), {14) ArtAropoda 

(arthropod*), (t j ) Chtrdtta (yertehcato). 

The number of phyla Among plants is very much Less; they 
arc : (1) A& (seaweeds, efcr)> (a) (chlorophyll-less plants), 
(l) fywpkyfc (mosses and liverworts), (4) Ptniddpbyt# (fetni and 
aJhH)^ (j) (seed plants, flowering plants and 

conifeis). Plants show a special order cal led Xjthtnsiss, Of lichens, 
which consist essentially of an alga and a fungus living together 
in very intimate association (symbiosis), 

The members of each phylum, although built on a common 
plan, are generally Considerably modified, SO that each phylum 
may contain a large number of different types 01 OEganisiHSr Some 
further details are given below to illustrate whst is meant by a 
plan of construction and by variation within the phylum. 

t. Pnttqt it These organistns comprise a miscellaneous group, 
but ail of them are unicellular and have no tissues as Such. Most 
of them Uve in water, but some are parasitic. Examples are 
AmaPfi, FanwndvTfr and the malarial parasite. 

J, Cstimftfat/t. Most Of these are marine and they arc all aquatic 
organisms, but the group is very varied. They are all radially 
symmetrical and possess a hollow body, die eftvity of which 
functions both for digestion and for circulation. Many of them 
have tentacles and stinging cells. Common enafnplcs are Hjwa* 
Ka acsemones, jelly-fishes and corals. 

An??Ufa These comprise the jointed or segmented worms 
familiar to us as the ordinary earthworm. They arc characterised 
by possessing A segmented body, a dosed blood system, a well- 
developed body cavity, or coelom, and a double ventral nerve 
cord. They have no jointed appendages. Other examples ate seen 
in the marine worms MC leeches- 
4. Ar tbri?p&&i- In a number of individuals this phylum probably 
outweighs flh the rest because it includes Such diverse forms as the 
ntulLcpedea, centipedes, crustaceans, insects, scorpions, spiders, 
crabs, shrimps, barnacles and tnifea. Forming about three- 
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quarters of the number of all animals, T*hek basic plan of con¬ 
struction is very characteristic, They ere bilaterally symmetrical, 
segmented, and have an open blood system, a small coelom, a 
double ventral nerve cord, a thick cuticle which often forms a 
hard exoskeleton of rihidnous substance, and they have jointed 
kgs and other appendages, which ate not possessed by all, such as 
wings, antennae and Spinnerets, 

Cbardsts. This phylum is co mm only called the Vtrtthnsiti- 
It is a large gtoup comprising all the higher animals such as fishes, 
frogs, binds and mammals. The distinctive characteristics aic 
bilateral symmetry with 9 perforated pharynx, a hollow dorsally- 
gicuated nerve cord and an axial notochord which is generally 
replaced by a vertebral column. There Is an internal skeleton of 
bone or cartilage and usually El well-developed heart, brain and 
limbs. 

Among plant phyla we may notice the following: 

1, Fvqgr- These plants 9IC exemplified by the common maii- 
tooms and the ubiquitous moulds. They lack chlorophyll and 
hence they cannot synthesize the bask carbohydrates necessary 
foe theid metabolism. Thus their mode of nutrition is said to be 
hcterotcopblc* and titey live either as saprophytes on dead organic 
matter, or as psitflsites 00 living organisms, or as both. Their 
phot body is called a ibailui, that is, it does not have root, Stem or 
leaf. Some of them are unicellular and aquatic, and others are 
multi cellular but. they never form complicated tissues like those 
found i£l the higher plants. The fungi for dl£ most part form a 
very sharply-delimited group. 

%. Pleridophjta.. This phylum includes a variety of plants such 
as the ferns, horsetails and dub-mORses. They all posse&s Stems 
and leaves which may be teduccd or absent in apedal cases, a 
vascular system and distinct sexual and asexual generations which 
normally alternate. They do mat form seeds. 

y Spermatiphyla- These comprise all those plants which 
produce seeds, Examples ate the ordinary flowering plants and 
conifers. They possess root, stem and leaves which may be 
modified, a complicated vascular system, flowers of different 
kinds; the sexual generation is reduced and never forms a separate 
plant. 

On first hearing it said it may sound rather surprising to be told 
that a fish, such as a shark or a. dogfish, has the same common 
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MflundpJiO as a m&n, ot Other mammal. They look SO different; 
they are so different in many ways; their conditions of Life arc so 
completely djflfettnt and yet they ait both Chotdatec became of 
the fundamental resemblances between them. In the early loeLal 
stages Of both they agree in their digestive respiratory, «- 
productive and circulatory systems. They have the same chief 
divisions of the body; the same segmentation of the vertebral 
column, the same composition of the skull; the spina- CQtd and 
the brain all have a similar basic: ground plan. Fishes like the 
jLiark were in existence in the. Devonian Period millions of years 
before the advent of man. These fishes, however* have: changed 
telatively little since these andent times* whfiKM man has teached 
the highest stage in evolution. but he Still remains a Chocdatc 
animal. 

About 1S46 Owen, Geoffrey St, Hi’aire and others commented 
on homology of Structure If. animals-. Darwin, in successive 
editions of Tbt Origs ef SpKKt, devoted some considerable space 
to this topic and noted that homologous organs were easier seen 
in the higher vertebrates than in die lower OIKS because in the 
latter chrxe are not so many indefinite repetitions of put*, later, 
in Romanes devoted a whole chapter to the consideration of 
homologies and gave many examples- Bemuse these examples are 
so illustrative many subsequent writers have made use of them. 
The essential feature of homologous organs, while retaining a 
common bade structure, is the- occucrer.ee of modifications to 
suit different functions. One of the best examples is seen in the 
pentadactyl limbs of higher vertebrates such as whales^ seals, 
porpoises, bats, birds, reptiles, &ogS and mao. In all 0-f these the 
same five-sectional plan of the limbs i& seen hut it is modified 
variously as swimming, flying OC grasping organs- to the whale 
indeed the bones am embedded in the blubber and arc con* 
siderably reduced, but sdli the series is complete. In these animals 
the modifications ate brought about by alteradons in rbc pro¬ 
portions and teUtlVC sizes of the individual bones making up the 
limbs, or even by the disappearance of ceitaio hones. A beautiful 
example of such reduction is shown in the feet of the hippo¬ 
potamus, pig, deer and the camel (Figure 1). In the hippopotamus 
the tJISC digit is represented only by a small bone, while the second 
and fifth digits are jointed, but lire decidedly smaller than the third 
and fourth digits. In the remaining members of the series, a 
$0 
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progressive teductton is Seen in tbe site -of ie Second a.n^ fifth 
digits, until they finally disappear in the camel and only the third 
and fourth digits ate left 

In the skulls of all vertebrates nMMsponding bones -ate found 
which become fused together and they are considered to be 
modified vertebrae. The Jungs of higher vertebrates are homo-, 
logons with tiie air bladder of higher fish. Both organs may be 
derived from the paired longs of some primitive Dipnoid fish. 
Other examples uf homologous organs arc Seen in (ft) the append¬ 
ages of crustaceans, (b) the mo^th parts of insects, (c) the teeth of 
mammals, and (d), as we have already noted, the findostyle of 
Anfpht&etu is homologous with the thyroid gland of higher types. 

Turning now to plart^ an interesting homologous scries may 
be seen. To begin with, a structure: called an archegonium is first 
found in liverworts and mosses. It is the female reproductive 
organ and produces the female gamete, or egg, called an OOSphere. 
The jtchegonium consists essentially of ft swollen basal part 
containing the ££g and anrnounded by ft wall of two layers of 
cells, and a king neck. When mature the cells in the interior of die 
neck become mndiaglnous and die apex becomes open, A clear 
passage is thus provided for the male gamete, nt S 5 J£ cell, to teach 
the egg. Such an aichegOnium 13 ftlso found in ferns and gymn-u- 
sperms (conifers). It IS thus common to several phyla. The 
archegOtUum is, of cqurc^ considerably modified throughout 
these groups. 

The life histories of plants show further homologies aa between 
phylum and phylum. In tile Bryophyta (mosses and liverworts), 
the plant ia the sexual generation. Or gamttOpEiyte, and bears the 
sex organs comprising the female arcbegouium and the male 
anthefidium, ’UfTier, fertilization occurs the female egg 'unites with 
the male antherzoid to form a zygote, or oospore, fls the product 
is called. From the oospore the otw generation, or spotophyte, 
develops, But this generation never becomes completely separated 
or indepeodeot of the gamcDoohyte. The spoiophyte is partially 
dependent OH the gametophyte. Eventually it produces ftSexUftl 
spores in a capsule and when these ate liberated they germinate to 
form a filamentous structure From which the new gametqpbyte is 
hodded off. There is thus a uistinct alternation of generations to, 
which the sexual gametopbyh; is the plant itself and the asexual 
spOiophyte is carried on :t. In the Pteridopbytft (ferns add fern 
dl 
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allies), however, the position is reversed. The pteiidophytc plane 
is the spnropbyte and it produces asexual spores Inside a sac-like 
body, or sporangium. The sporangia are home of) the (eaves, or 
In other ways, and from a spore a. (tew gametephyte aria's again, 
Jn I'toe pteridophytcS, such as the horsetails, there arc separate 
male and female gametophytes; in others the gamreophyte has 
been drastically reduced—for instance in Si&gintik the female 
gainctcphyte is contained WLthiu a Large megaspaare. It 83 multi- 
ceLiukir and produces aechegonDa icsemljling those of the bn r o- 
pbytes but they are Smaller and the basal part is Sunken. In 
SeiijZ/fifHd the male jKOtllflllas (gSmetophyte) consists only of a 
single piothalkl cell whi 5 c the remainder of the structure forms 
the male anthetidium. Thus in the Ptefidophyta r.ot orcEy has tiic 
relative importance of the gameoophyte compared with the 
spotophy te decreased, but throughout this group there is a. further 
decrease until the male gametophyte is represented by only a 
single ceil. In the gymnnspenns (cone-beating plants) there are 
two prothtlliai ceils contained in the pollen grain, while the female 
profhftilus forms part of an ovule. In the flowering plants the 
reduction has been completed for there is no true female pro- 
thallus in tite ovule, but the male piothalluS is Still represented by 
a single protbalial cell. Thus it can be said that an alternation of 
generations is shown by sit plants from liverworts to lowering 
plants. 

Finally* a very characteristic homologous series is seen in the 
lower fungi, I-Icre, among a group of the fi lamentous fungi called 
the Mucoralss, asexual reproduction occurs by means of SpOtaQ- 
giospores which are formed inside a sac-libs wait or sporangium, 
The 'typical* sporangium contains many spores, but the number 
produced in different genera becomes reduced SO that in Chaeio- 
iiadinTT?) for instance, the sporangium has a two-layered wall add 
one of these becomes the setuai wail of the sporangium while the 
other becomes the wall of the spore, In BiskssUa and Ch&irtsphsra 
the sporangium, has only a single layer which is also the Outer 
layer of the spore. The: spore has thus become a con-idiura,. Such a 
conijdiam, however, differs frum ordinary ccnidia in being Ifi- 
dehiscettt—norma 11 y conidia 91 e spores produced ixtenmliy a£ the 
end of a stalk which faU oft', or ate shot oif violently. A similar 
change from the typical sporangium with contained spores 
to a single externally formed conidium is seen also in the 
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peranoSpOfales and Entomuphlh.Dmks which alt Other groups 

□f these fungi. Hence the conidiutr- and the sporangium arc 
considered to be homologous. 

Homology is an indication of divergence from a common type 
and it bears a close relationship to function—the modification of 
the pcntadactyl limb into legs, paddles, etc., illustrates this point 
wclL On the other hand analogy 33 an indication of convergence 
in which completely different types of animals with basically 
different plans of ccmsfctmctwo have corns to loot alike in some 
respect because of the similar function which they* or the parts 
concerned, perform. Convergence may also be an illustration of a 
type of parallel evolution. Wt will give a few examples to show 
the meaning of analogical convergence. A simple example is that 
of the wings of insects and of birds which enable the animals to 
Ely efficiently but which arc built up on a completely diffeteftt plan 
of construction- Again, vertebrates have walking legs which are 
jointed. Tiie crustaceans, insects and Spiders also have jointed 
walking legs which look similar in some respects but which ate 
completely different. In the vertebrates the skeleton is inside the 
keg and the muscles which move them are. outside the skeleton, 
while in the ctvStaeca the skeleton is Outside the leg, but the 
muscles are inside the skeleton. The whale in many respects looks- 
like a fish. The, armoured OStracoderm fishes closely resembled 
the Silurian Bmodt-S, a scorpion while the outward forms of the 
shark [fistl], a porpoise (mammal) and ItbtbfQtttiffttJ (an extinct 
reptile), already mentioned, were much alike. Worms also show 
many different analogies; for example, some amphibians (the 
Cmi/iidet), some Sfiakes ijjpkfapi&v) ar.d some lizards {Anipbin* 
ifcMffjifdr) are so worm-like that they are able to burrow under¬ 
ground like earthworms. Again, the Urodtia, some Ctt&en and 
Uhtbpiemts possess median dorsal fins bkc those of a fish, but 
ptruelurally, of course, they are totally different. The eye of the 
octopus is superficially like the eye of a fish. 

H, F. Osborn 3 considered that analogies of the type just 
mentioned show a law of convergence, or of parallelism, in 
adaptation. Hie defined this as: 'The production of externally 
similar forms in adaptation to similar external natural forces-' 
The necessity for adaptations nwy have arisen through a series of 
medi-anicai problems created by giavity, resistance of water or 
1 iJi- 
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ili, or lifting movements, etc. Convergence shows that nature 
solves such mechanical problems by using common principles. 
Convergence also represents, as Osborn contended, the resultant 
between the ir.echamcal: problems of the environment of ML 
organism and its- physicochemical laws of action, reaction and 
interaction. The Law of divergence as expressed by homology ot 
divert fnnetiojial units Stands iri contrast to convergence, but 
Oshorn combined both principles in one iax> of a&spth'i rodUtfaft, 
This law' expresses the mode of adaptation or form of con¬ 
vergence and divergence. A summary of this Law adapted from 
Osborn 1 is given, below, 

Tsiiti I, Ape- of ifdtrpfivt radiation in fht ixittnel had/ 
form {after ■djfcm, t^aj) 

[, Dittfgsni adaptation by whidj the members of a primitive stock and 
to develop differences of form while radiating into a number of 
habitat tones. 

a, Civn.trgtttS adzpijiiii!, pafalki Of bomopkitit, whereby animals from 
dJErnenc habitats enter a similar Isa bitat acid acquire many auprriicial 
similarities of form. 

j, Tdirxti adapfaJiort, for Ksaraple in primary migration d 1 .rough an 
ascending series of habitats, aquatic to terrestrial, etc. 

4. E tvtrstd (Ptift'fiTrig.e, where secondary migration takes a reveres or 
descending direction from aerial to arboreal, arboreal to terrestrial, 
from terrestrial to aquahe. 

j, Afttntafa iidiiptsiiw, where the animal departs fmen ah original 
habitat tod primary phase of adaptation into a secondary phase, and 
then returns from the secondary phase Into a repetition of the 
primary phase by returning to the primary habitat, 
ri Cw-w of sdaplstim by witieli an organ serving a certain 

Function in one tune is not lost buJt takes icp an entirely new function 
in a new acme. 

7- Sjmbioiie odttpkUsof!, where vertebrate forms exhibit reciprocal or 
interlocking adaptations with the evolution of other vertebrates or 
invertebrates. 

Osborn later developed the law of adaptive radiation until he 
was able £0 formulate ic mote completely in his theory of ariito- 
gWitit or biomechanical evolution. This theory will he mcnaoned 
later bur for a full account the reader is referred to Fothergill 2 

l '9*UP- ij«- 
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here all Ieteieocer are given. At this Stage the importance of the 
]*W IE, that St cioempiifies the use of morphological principles 
applied dynamically to evolution which rhriflt* the evidence for 
evointion. Adaptive radiation is an accepted principle of evolution 
ftnd all the latget groups, especially of the higher vertebrates, 
illustrate it very well. Some examples Of the principle Wll be 
given later under the palaecntoSogscal evidente. A setious dis¬ 
advantage of adaptive radiation, however, is seen in the ex¬ 
tinction of some highly specialized groups of animals such as the 
giant diTHHUm, In oases of this kind what happens is that in 
response to the increasing demands of the environment radiation 
leads to the reduction and loss, ar to the over-development, of too 
many characteristics of an organism- If they are lost they cannot 
he regained, according to Geoffrey St Hilaire's law of CWHr 
pensatinn. Thus a highly specialized animal becomes hw perfectly 
adapted to a specialized environment and so eventually becomes 
extinct- De Bcet : maintained that one of the secrets of mart's 
evolutionary success is that he is structurally generalised, not 
specialized- Thus he ia able to live in almost all kinds of circum¬ 
stances; his mode of life is not thereby natrictedL 

Ertintm yf iwth 

V7c cannot in this book cooaidei the evolution of even the 
important morphological and anatomical systems, but it as 
appropriate to study one system in some detail which will show 
some of the methods of comparative morphology and anatomy, 
and the type of evidence in this section which is advanced in 
fovout of evolution. Hence we will consider die phylogenetic 
development of teeth and for descriptive purposes we will 
consider that an evolution of teeth has in fact Occurred- Teeth 
have been chosen as a type system because they are SO important 
in evolutionary determinations. The material of this deactiption 
is Largely based on a general account of teeth given by H. V.ISleal 
and IL W. Rflnd-- 

Tiut vertebrate teeth begin with the sharks, where they arc 
Men as placoid scales. Placoid scales consist in the mam of a hollow' 
cone of dentine with a layer of enamel on the outside and a hollow 
pulp cavity in the centre. Such a structure develops below the 
surfate of the body but emerges later Oil during the course of 
1 WbJWH E 15J9, Q*p. 5- 
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development. In dog-fishes and skatks inch scales are found all 
over the body,, making it Very tough and mp-Iikc. In the jaws of 
eJismobruich fishes there are a large number, up to about a 
bundled, and in the floor tissue between the jaws there are more, 
01 these ptscoid scale*, which hay? become enlarged to form true 
biting o£ holding teeth. The teeth between the. jaws arc quite flee 
of the jaws and they are skiu Structures only. In teieost fish Ml 
advance is seen where die base of the teeth has become joined to 
the bones of the jaw and the number is less. In amphibia the 
number of teeth Occur Only in the two jaws and we meet with two 
forms £>f dentition — phuradeat and mAitf. In uleurodnot 
dentition the teeth grow out from a ledge on the inner side of the 
jftW. while in acrodont dentition they glow on the bone of the 
jaw. In fossil reptiles and in crocodiles SI third, or fbte&iGnt, 
condition is met with in which each tooth is fixed in a separate 
socket. This is the condition found also in mammals. 

In the above groups of anj trials (except mam mils) the teeth Are 
all alike, that h, they have fowodunt dentition. In Home lizards, 
however, they become hsitrsido!}, that is, differentiated into 
incisors, canines and molars. The incisors arc cutting teeth, the 
canines act as penetrating teeth, while the molars ate grinding 
teeth. Snakes have developed Specially modified poison fangs. 
These teeth are hinged; normally they ate held down and are only 
elevated when the snake bites. 

Thus iti the evolution of teeth two types appeared, first the 
simple conical tooth atld thetl the compound tonth such as a 
molar. Compound teeth are considered to have evolved from 
simple teeth by a process of differentiation 94 follows. The 
simple tooth has only one crown or corse. The fits? stage in, 
differentiation was seen in Dnmgat&ttikw, a Triaasic mammal, in 
each tooth of the upper jaw of which there was a central crown or 
protozoae, with a second crown, the /WartWlf, Stl front and a third, 
the .rvfhjjwjf, behind. Thus these three cones or c^sps were 
arranged itl a sing-e row. At the base of these cones there was a 
rim. or ttngtktaf. The corresponding parts of the teeth of the 
lower jaw are called pTQ'k-, para* and mt(a-final Normally the 
second and third tubercle* arc much smaller than the primary 
protMOUe, but there was a tendency for them to become as large, 
oi nearly a* large, as the protOcone. This type of tooth is raid 
to be triiiwdwt. The next stage was seen in a form such as 
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Spzhiotbritm Of Axpfi^trwm Tffhm coac * wtrc ^ £c ; cd 

tnintaLarlv in relation to cadi other. Fhl5 triangle! *5 called a 
triwi. In the upper jaw the triangU lation was brought about by 
the two HPMMiMT cones moving inwards, while mthe lower (TO 
they moved outwads. The tKth are then said tote /nUf/railar, 
and this arrangement ensures that when upper anc layer ]awi& are 
closed the cones overlap and interlock: (see Figure a), Tie neat 
Etane in the evolution of these amifluMS 35 sera itt mammals wfen 
A talon, OC postelioc projection, and a fourth tubercle, the bypeam 
in the upper jaw and fypxmd in the Lower ;a\V, developed. 
Finailr in modem mammals, sfe cusps or CMC* have also 
developed- In some higher animals the rasps arc separate while 
m Others they are joined by ridges, and iri Others again they are 
Raved out. LViamimalian teeth also poateSS a covering tailed 
Kraut which may not, however, be completely round the tOOty 
mammalian molars also possess roots. In che mammals generally, 
teeth vary considerably both as to number and relationship of the 
different kinds and types. In some mammals absent teeth ate 
replaced, while in others they are not, In man there are thnty- 
two teeth made up of eight incisors, lour canines, eight pte- 
molars and twelve molars. The dental formula then is i* & c I 1 , 
pmV m\; see Figure a for illustrations of these teeth. 


Vtlijgd Claris 

In organisms it is clear that some organs, such as the heart, ace 
vital to die creature if it is to live; others, such as a limb, are 
necessary but not vital, while still others ate said to bt useless. It 
is this latter type of organ which we wish to Antider now-. Hit 
presence of greatly reduced Organs 3(1 plants and animals when 
Other organisms show similar and homologous functional 
structures is usually taken tn mean that the reduced organs are in 
course of disappearance, and this view is greatly strengthened if 
these organs ate entirely useless K> the organism possessing them. 
Such organs ace said to be vestigial. There fttesaid to be numerous 
examples of vestigial organs throughout the higher animals, and 
they ace found also ir. some plants. 

In the early days of Darwinism when the seatch for evolutionary 
evidence was intense many of these useless Organs were described, 
1>ui the list of them is rather limited today. For example, many 
years ago a biologist enumerated about one hundred and eighty 
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vestigial organs in man atone; that List is now reduced to perhaps 
twenty or thirty. One of the difficulties involved In deciding 
whether or not an organ is useless lies in the fact that while an 
orgm maybe reduced in size EC may stiLl perform 9 USC;ol function, 
and while it performs that function there may be no need for it to 
develop any farther. Some examples or vestigial organs ate given 
beldW- 

At the cad of the vertebral column in man there is a small 
group of bones forming the coccyx, This structure is said to 
represent the vestiges of a mammalian tail. Occasionally the 
coccyx seems to develop and produce a structure resembling a 
small and stumpy external tail (see PlftK l). Again, in the angle 
between the eye and the nose in mao there is a fold Oi. ridge of 
PRHue caiLed rhe^jrna stmtma rr>. It is considered to be the VCStige' 
of a third eve-lid or mictitating membrane found i o some other 
animals- 

A whole gtoup of insects lacks wings, and in the case of some 
insects which inhabit oceanic islands, the wings may be reduced to 
stumps. Again, sometimes one sex in insects lacks wings while rhe 
opposite 56x possesses them. Drswpbiln that tool of 

the geneticist, sometimes produces wingless, or nearly wingless, 
forms in the laboratory. Lack of wings, or the presence of mere 
stumps (hipteties) represents a ■vestigial condition in the insects 
concerned which have descended from winged forms, The New 
Zealand Kh’i, Or wingless bird, which is becoming extinct, has no 
wings but it pOtSCSSM a much reduced remnant of a pentadactvi 
wing on each aide of the body. Other New Zealand birds show a 
similar condition. There ate several extinct wingless birds such as 
the Mauritian Dodo, la extinct JWmt, this reduction was taken a 
Stage further for they did not even possess any vestiges of wing 
hones. 

Thett i S no need to -describe any more Of these vestigial, Structures 
hut a short last of some other examples will show the range of 
OtganS affected and cf organisms in which they are found. "Die 
list is as follows: in female birds the right ovaty and oviduct have 
become vestigial; many animals living in dark caves have ill- 
developed sightless eyes; the splint bones of the bone represent 
reduced second and fourth digits; the peculiar pelvic girdle and 
snnken bones in the whale represent reduced fumed on Less bind 
limbs and pelvis. The remains of kind limbs in some snakes such 

7° 



CEA&SICAL EVIDENCE OF ORGANIC EVOLUTION 

as the Axatvtda oi python* teeth that appear in the embryos of 
toothless whales which are never cut and ate ultimately absorbed* 
the muscles of the human external ear* the human appends, the 
lanugo or hair tin the human embryo, JO&twih's point on the 
internal margin of the human ear, additional (mammae in females, 
shells in some slogs* and also Leedi in the: young duck-billed 
Platypus which arc completely formed but ate nevet cut through 
the gum* are all examples of vestigial organs. Vestigial structures 
ate abo encountered in plants in cases where the leaves ate much 
reduced as in horsetails, cacti, Pdiatam, Butcher^ Broom* and 
Stamens as in SzTOpbukrip, 

The anatomical characteristics of an Olganism are determined 
by the tissues composing it, and these by the cells which compose 
them. Ultimately the nature of die cell is determined by its 
chemical composition and activities* It is not sutprising, there¬ 
fore, that biocliemistry may provide evolutionary evidence. The 
study of biochemical evolution is fairly new and probably in the 
course or time a large amount of valuable material will be forth¬ 
coming. For a good general review on the subject the reader may 
be referred to a book by Marcel Florkin. 1 

Organisms also possess biochemical homologues and analogues. 
Chemicals are said to he homologous when they have a common 
chemical l ineage, and they are analogous when they arc chemically 
different but perform a similar chemical or physiological Eu notion. 
There may be degrees of chemical homology. We wjll give ail 
example of each, and these examples ate further valuable because 
die same substances are invoived- 

Haemoglobin is the red blood pigment found in all vettebtares. 
This substance is formed hy die union offout molecules containing 
iron wh’dh are called protahaeme moiecu les With a protein called 
globin. The protohaeme molecules are idendcal in all hitmo- 
globinr; it is the globiii part which varies in different vertebrates 
giving specific characteristics to the different haemoglobins. 
These haemoglobins arc not chemically identical hut they are 
homologous because of their common che mi cal lineage. 

The importance of oxygen CO living things is v^ell known and it 
is a fact that in animals SO far apart in classification as echrnoderms, 
worms., crustaceans* molluscs and vertebrates, the transfer of 
oxygeu from the surrounding medium, whether it is water or air* 
* T 949- 
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ii -accomplished by certain molecules or oxygen CKDcrS» which 
absorb and loostiv combine with the gas from the waWI Of aLt, 
and Sated give it up to the tissues as the blood circulates m the 
bodv. At the same time the waste carbon dioxide is given up to 
the blood. This process of exchange OC txansfet of gases is 
initiated by pressure alterations in the tissues, Thecc ate tour 
types of these oxygen carriers In the organisms mentioned above. 
These aier (a) haemoglobins, with two hinds, true red haemo¬ 
globin of vertebrates and ted etythrocruorins found in mrerte- 
bcates. Both contain iron and are derived from pfOtonacme. 
molecules, (h) OilotOCduorins which are found in some annelids. 
They am the green blood pigments containing iton and &K 
derived from ehlnroccuorohaeme, (c) HaemOCyansns* which arc 
the blue blood pigments found in many molluscs and crustaceans. 
They contain coppet but ate not derivatives of protohaem-e. 
(d) Kaemerythrins, which ftte found in the coelom {body cavity) 
of unsegmented marine worms (the Sipwcukidm) forming ft red- 
violet pigment. They contain iron but are not derivatives of 
piotohaeme. These cbnnieaU are completely different but they 
perform a like function M cctygeo carriers and thus they are 
analogous. 

MFe have now given some of the facts from comparative 
anatomy and morphology which are advanced AS evidence- for 
evolution. As homology is such a prominent concept in COK1' 
parative anatomy the position of the evolutionist is ebar because 
be contends that (a) these homologous likenesses shown so well in 
50 many examples among all the phyla, and {b) the common plailS 
running through each phylum in spite of the manifold divtriici.es 
of form and function of the animals or organs concerned, mean 
only one thing and that is that A hlood relationship exists between 
them. If we consider the vertebrate skeleton, the blood system 
and the nervous system alone which ate common throughout all 
vertebrates in the:i basic features, ft natural explanation of this 
fret would seem to be difficult except on the basis of descent with 
modifications, and this means descent ultimately from a common 
ancestor. The mass of evidence for this conclusion is very great 
indeed but it is a purely empirical conclusion. If once this, con¬ 
clusion is allowed then comparative anatomy and morphology 
become ft reasoned branch of science able to investigate problems 
inherent in and due to the great complexities of the subjects and 
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their environments, Without tliis basic assumption comparative 
anatomy becomes just a lung list of bate facts with little fund a- 
mental meaning except fur the individual organism^ concerned™ 
Indeed comparison is valueless unless some fact emerges which is 
further explanatory, and, in comparative anatomy, comparisons 
made on Ml evolutionary basis are very fruitfui indeed. D. M. 5 , 
Watson 1 in the Sihim-an Lectures affirmed that the only evidence 
the palaeontologist can have of relationship 33 derived from 
similarity of Structures, and the assumption of relationship due to 
fULisiiatitv of Structure is true enough to enable morphologists to 
make predictions, which have been verified Later. 

The human mind naturally tends to make comparisons and 
strives to find explanations for things- A priori, we expect act 
explanation to be possible. Before the time of Linnseus natural 
history Looked as though it would exhaust itself due to the 
multiplicity of descriptions of things which hail accumulated. By 
his classification based on likenesses Itirmeus restored order and 
opened up new approaches. These led the way for the com¬ 
parative anatomist who, in his tutu, by assuming genetic descent 
forced upon him by his observations, opened up further r.ew fidds 
of Investigation and gave rise to gtcaCcr generalization:;. Without 
the evolutionary series shown by comparative anatomy no man 
could carry the facts of biology in his mind. The cvolratmnny 
series exhibited among the various phyla, classes and SO OH 
summarize the facts of anatomy and morphology and give a 
satisfying reason for the resemblances and differences between 
organisms. An evolutionary series is nearly always in the same 
direction, that is it proceeds from simpler to more complex forms* 
and often this progression can be correlated with changes in the 
environment. Osborn'S Jaw of adaptive radiation is very com¬ 
prehensive and yet it merely Integrates the facts as he SAW them 
from a dynamic or energic point of view. The full influence of 
adaptive radiation, however, is not seen from the comparative 
anatomy of living forms done; it becomes truly significant when 
fossil series Ate also considered. Fot this reason we wiil come 
back to this topic later when examples will alto be given. It is fust 
as well to note, however, that Oiyier, who was the first great 
comparative anatomist, did not consider that Ids studies led to me 
conclusion of genetic affinity, even though he discovered the key 
1 Sj] Clap, i, 
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which Laid the foundations of compilative anatomy. He dig- 
cuveced that every part of any and in some, the very 

smaliest part, cOUStitotes a certain index of the character in all 
respects of the rest, ar.d that each part of an animal is made to St 
in with ail the othci parts. 1 Again, Owen, the rationalizer of ehe 
ideas of homology and analogy, was led K> conceive his arche¬ 
types through comparative anatomy, hut he did not accept 
evolution, until he had studied the geological history of the 
evolution of the hotse.^ 

The so-cnll&tl vestigial organs are undoubtedly very fascinating 
fioma tnorphoEogital standpoint Hnx.ev 3 refers to them as 'the 
evidence of the useless 5 - It is true that, granted evolution, then 
their piesence is easily explained as being organs which are dis¬ 
appearing. This interpretation, however, may Lead To far-reaching 
conclusions, Such 9 S the derivation of the whale from land 
vertebrates indicated by the hidden leg hones in the blubber and 
the reduced front paddles. Whatever their true significance, they 
do show that great changes may occur in various organs, Most 
evolutionists who write about vestigial organs Ktai to aasert that 
only an evolutionaiy explanation can account for them. It is 
unsafe to he SO dogmatic, because die evolutionary explanation 
may he only one of several, possible explanations. These organs 
could just ae well be organs which are beginning to develop or 
evolve as organs which are degeccraLing to extinction. 

In fact O. Dewart round that practically all of the organs 
described as useless were functional. He denied that they really 
supplied evidence for evolution but rather supported special 
creationism. He asked, if organisms are full of vestiges, as some 
people assert, why are they not uko full of nascent organs as he 
contended they should be on the evolutionary theory ? Dewar 
argued this point in detail very convincingly with H. 5 . Shelton. 3 

There ate many unsolved problems in comparative anatomy 
which evolutionists would like to see settled. The most important 
of these concern die relationships between the phyla. In plants, as 
already shown, the archegnnium is common to several phyla, but 
this is only one of the few connecting links between them, and by 
itself it is by no means Indicative of a common descent of the 
phyla, Again, the fungi and the algae aie two quite unrelated 

1 Sn: Katherein, 195.1, US ti up, * Bet FMhtigiU, :95 s, pp. fli-97- 
T P* ■Sj, 4 V^iiouE vwlc, ijji, ig-ji, !SS& a r-jyj', 
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groups. Its the past it was assumed that the fungi haul evolved 
ftom the algae by loss of dffotOphyll ami clegs deration. This 
assumption itself for such a large ubiquitous and varied group as 
the fungi was Scarcely scientific, because the rule, if rule thete be, 
is for evolution to be progressive not retrogressive except in 
Special cases which certainly do not concern phyla or Other large 
groups. 'I Tie derivation of the futlgL from the algae was not an a 
prion expectation. The idea still persists In many modern text- 
books, but the only evidence for It is die occurrence of some 
reproductive structures in a few algae which superficially re¬ 
semble similar structures in some fungi, Here we have an example 
of compiitadve morphology gone marl, and perhaps the reason 
for its Onetime general acceptance was a conviction that the fungi 
mutt be derived from the idgae because the- lattci jw tut have been 
the first plants. 

At a meeting of the Linnrean Society discussing the classi¬ 
fication of the fungij B. Barnes : said: Tt does not seem USKS-Saty 
to question the prevailmg views that the phycomvcetcs include 
the simplest known fungi, but there is no reason to think that 
they have algal affinities,' While at the same meeting J, RsmS- 
bottom 1 remarked: ^Tsen fungi had more scant treatment at the 
Universities even than at present, they were regarded as decadent 
algae and superficial similarities were listed to show from whence 
they originated. 3 

One of the great problems among vertebrates concerns their 
ancestty. The vitaltst Hans Driesch 2 as long ago as found 
that vertebrates had been H proved f to he descended from firstly 
amphibians, secondly annelids, thirdly Shifts worms, fourthly 
Spiders, fifthiy JLfwj.iviiT, and sixthly tch i no derm larvae. Modern 
writers can now take a more open view of themattetj for example, 
H- V, Neal and H- W, Rand 1 wrote; ( The shift of morphological 
Opinion has led to i ncreased tolerance of the view that the larger 
subdivisions of the animal kingdom have made thelt appearance 
independendy and much earlier in the history of organism? than 
morphologists formerly supposed/ 

The geneticist T. Dobzhansky, when discussing the question of 
the manifold effects of genes (pleiottopy) jn which he showed 
that the obvious effect of a gene was not necessarily the most 

1 IJJ4. p. 3 . aod p . 9 B«jeaivtly. ! s pafl, p> 
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important effect it bad Oil the organism, summer, up the main 
points Of the question of vestigial organs and gave the geneticist's 
viewpoint- He wrote: 

However a complete disappearance of these useless oignns, both :r. 
** adults and in the embryos, wouId necessitate radical, changes in 
the basic embryonic processes of organ formation and differentiation. 
The coccyx is a pent of the axial skeleton, and the gdl barf arise m the 
process of function of the hesd and the UK*. The problem should, 
therefore, he turned around, and it mif be asked what advantages 
would accrue to due organism from such radial alBitfscUB of its 
development. The development is mote than summation oi unit 
characters' or unit processes. As emphasized especially by Setimab 
hausen , 1 development is a highly integrated process, and pSOgH'ive 
evolution from the lower to the higher organisms has on the whole 
tended to mike the integrations more and more thorough, and to 
make the basic develop mental piocesses mote and more autonomous 
ftom direct stimuli emanating from the environment - 2 

(b) Bniskxrt from pktii end a-niits&l iksnpiUikti 

This Jane of evidence IS related CO comparative anatomy and 
morphology in iR gross effects, although one must not confuse an 
anatomist with a systemadSt. Their work and their approach to 
biology is finite different. In a sense it. may he said chftc one is 
analytic and the Other synthetic in their methods. In an earlier 
■chapter we mentioned the part classification played in leading to a 
formulation and development of the concept of evolution, and 
there is no need to repeat the information given, It is an amazing 
feature, however, [hat since ttie very earliest times people have 
tried to classify things, not only living organisms hut practically 
everything else. Our minds seem to boggle at the multiplicity of 
objects atOUftd ns and strive to reduce their number in order to 
make them comprehensible. By doing this we seem to gain a new 
insight into the telitionships of things. For instance, many 
organisms grow together in a field \ some may be useful, some 
ifrtV lie weeds, but when we consider them as a whole, that is, as a 
population, new ideas may spring to our mind which were not so 
evident when, we looked at them as individuals in the population. 
So ir has been said that the aim of the biologist is tn classify' all 

1 1^9. s liofehwsltr, ISI C - P- 117. 
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living things, implying that when this is done his tasks will be 
finished. J.:ke all aphorisms this one, too, is an ciaggeration, but 
ibetc is a good deal of truth in it. 

Hence hum early litncS naturalists have classified, using at first 
quit* arbitrary criteria of classification such as useful or not useful. 
Of into trees, shrubs and herbs. With the use of better criteria the 
subject became rationalized. Species is one of those ‘transcen¬ 
dental' wOtds which Lt is very difficult to define and there is really 
no oecd to do so at this stage except to mention that previously a 
species was looked Upon as an .individual type of, say, a butter¬ 
cup, but nowadays it ts regarded rather as a population of closely 
related types of buttercups. This loose definition, is not meant to 
be exact; it is merely a starting point, and the implication is that 
there is such a thing as a Species at least in out abstractions from 
nature. After all biology itself is one huge abstraction. 
Examination, of course, shows that species vary, that is, there are 
varieties. Observation also shows that there are different kinds or 
species of buttercups whicil are not merely varieties but are SOme- 
ddng in 9 higher category. Thai is, species fail jjitu a genus. Then 
we have plants Such as anemones which reseniblfl buttercups in 
some respects yet show distinct dirtetences, The ac.emoties form 
another genus, and in rids Way we are Eed on to families, orders, 
sub-classes, classes, suh-phyla, phyla and kingdomr The ordinary 
buttercup is thus classified as follows ; the capital .letter or 
abbreviation after the Species name gives the name of the person 
who first named the organism; 


variety: 

pumifat Wahl. 

Rpedes; 

ijiris L_ 

genua: 

BjFtswfulus 

filinilyi 

Ranuneulflceae 

order: 

Rnnales 

sub-class; 

Archichlamydeae 

class i •„ 

Diootyledonae 

Sub-phyium; 

Angiospeimae 

phylum: 

SperjTiatophyfa 

kingdom; 

Plants. 


All these kinds of classifications vary According to the criteria 
used by the writer and the importance he gives to the various 
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categories. Naturalists have always recognised that there arc 
affinities between organisms, both plants and animals. It is bettor 
to uSS- the word relationships Ot indeed genetic relations Ltip if this 
IS. known. Mftfiy classifications SeC purely arbitrary or artificial, 
aiding uS the term "srlificial classification*, Nevertheless, one 
Important aim of modern classifications is to establish the true 
genetic evolutionary or phylogenetic relationships between 
organisms, that is, to establish ft Natural System or Classification. 
In an y case a classification of both plants and animal s is necessary 
to the biologist: if he is to form any philosophy of bio-logy', other¬ 
wise his science becomes merely a jumble of numerous Species, 
In * perfect system of classification species would be so closely 
connected to each other with little demarcation between them, 
and the- concept of Species would become superfluous. 

In the Natural System of classification a. new inference follows 
from the way the sptdes are grouped- Varieties of a species are 
related by descent to a common ancestor or retic-ulatcly, species 
themselves are also Eclated similarly and 60 oo. This telfttiofisliip 
implies that the variety is younger in time than the specie*, the 
specks younger than the gfinUS, the genus younger than tbe 
fatnily and SO on until we come to tbe phylum- Another point to 
notice is that while there ate many spedcs, there are fewer genera, 
fewer families, ett, until we reach the starting point which is the 
single kingdom- All classifications are logical, but some ate more 
real than others. The classification of plants into trees, shrubs and 
hetbs is a Logical one and the categories are obvious to Everyone, 
but they arc not SO dear CUfl the demarcation Is not always plain 
to sec because, for instance, -some- shrubs may resemble trees. If 
our mind Sees a connection between all herbs because they are 
herbs, and also between ad shrubs and all trees respectively, the 
lack of demarcation between these units likewise suggests a 
connection between the three categories. And indeed there is a 
connection became they ate all plants. VFhen species, genera, 
families, etc., are examined and analysed in a similar way we can 
see quite easily bow the earlier naturalises arrived at the idea of 
'affinity* be tween species, because the classifications they invented 
were logical arrangements between the species. But, ns species 
were largely regarded as immutable, affinity expressed ft meta¬ 
physical rather than an empirical i-dea. As soon AS the possibility 
rhftt species were mutable was giasped affinity 500-n, canw to mean 
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genetic affinity 0-r blood relationship. Species were related 
because of a OOClnuOn descent and not by accident, A corollary 
is that species wili vary directly according to the closeness of their 
blood relation ship—the closet they are the tr.Ofi they will 
resemble each other. Good examples of this expectation ss seen in 
the case of sibs (brothers and rasters), who ate more like each 
other than tion-gib§ h or better still in uniovular or identical twins 
who are often ao alike that they can be Separately distinguished 
only with difficulty, A con cl 115 ion i.s that resemblances may be 
ttuc indications of degrees of relationship which vary with the 
closeness of the resemblances. 

This conclusion is justified on the basis of the examples given, 
but nevertheless it may be limited in the extent to which it may he 
applicable in the living world. Out conclusion gives us a 
generalization, hut not necessarily a universal gcoeraii^ation- 
J- S. L. Gilmour^ however, pointed out that ftrim a philosophical 
point of view both artificial and the Natural Classifications ate 
concepts of the classifier and neither has more reality than the 
other- In thk regard vc may quoit him as follows: 

To satn up, starting from hari-c epistemological Considerations, we 
are Jed to the view that a natural classification of living things is one 
which groups together individuals having a largrr number cf 
attributes in common, whereas an airifidal ebsjlfiearipn is composed 
of groups having only a smaller number of oammon attributes; 
Fonher^ that a natnral classification can be used for a wide range cf 
pneposes, whereas an artificial classification is rueful only for the 
Limited purpose for which it was constructed; and lastly both types 
arc created by she c^ssifter for the purposes of making inductive 
generalizations regarding living things.. 

StiJ], in so far as the Natural Classification approaches closer to a 
true genetic expression then it gains greater reality. Id any case a 
true generic relationship could only be expetEmentally demon¬ 
strated in few cases. 

The importance of a natural classification lies in the fact that 
within the genus it is often demonstrably true, as modem research 
has peeved beyond dotibt. that spcacs arc often 10 fact genetically 
related. The classification based on known genetic relationships 
generally follows that based on resemblances and differences. 

1 1 j+e. p, vi 3, 
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Indeed doubtful points are Often cleared up as research at A deepei 
.(■ ycl tiiar. th'it usually oracd-ioc ir. -das tiffcAffusi is ptUVOed. A 
good example of this is shown by the use of cytology in con¬ 
nection with classification giving rise to what is now called cyto- 
eutonomy. The aystcmatist who is attempting to trace 
evolutionary patterns should aLso be capable of making use of 
cytology h geneticsj ecology and anatomy, besides morphology. 
In cytology, the chromosomes form the obvious basis foe com¬ 
parisons of species because ttlC oumher of chromosomes is 
constant in any one type, but differs regularly from type to type. 
Furthermore the chromosomes themselves possess, an in¬ 
dividuality, Of morphology. Such as size, n umber of constrictions* 
presence of trabfirtts (-SAtcllitEs), which renders possible the 
description of a complement or set of cbiomosomts 531 the cells of 
a species- This description is called the karyotype, and karyotypes 
may be compared from Sp&SJCS to species or from genus to genus, 
A beAUtiftf] example of the correlation of the chromosome 
complement and the external appearance is seen in, the primary 
triRomics of Datura ttmmmiWt discovered and described by A- F, 
Blakeslce and Bkkeslee and J, Belling. 1 In the Jimsou Weed 
( Datura ) rhe normal or diploid number of chromosomes is za, 
mat is a.v=i4, andio it each chromosome is represented twice, A 
tiisomic is an organism which ha? an extra chromosome, that is 
ue-b t> in which one of the chromosomes is represented three 
times. The basic number in Datura is twelve chromosomes; thus 
there arc twelve possible trisnmics in this species- Rlabcsicc and 
BeLling weie able to obtain all of these twelve trisomics and could 
identify them by the fottn of tbedt capsules which arc very 
distinctive and enabled BLakejJcc to name them as follows 3 globe, 
oninsettia, rocklebar, ilex, echinuK, rolled, buck-idg, glossy, 
mictocarpic, elongate, reduced and spinach. These various foims 
are ILLuatraced in Plate t. There were Other differences in these 
plants. Classification of these forma obviously bears a close 
relationship to the internal composition of each. Other examples 
of tcLsomics have been described, 

It is dear that the systematiit can do on! y a limited amount of 
actual breeding work, but he may appeal to the work of the 
geneticists for confirmation of his classifications to a limited 
extent and in fact the modern, systematise WOO is tracing 
1 JiLkecvee, Biakcslcc i^d. BcJiug, 1914, 
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evolutionary patterns as tlistiruct from a -classification alone, does 
make use of die result-; of Other btaneb.es of biology. The use of 
anatomy in classification and in the determination of Species 
differences has been shown in great detail by R. Florin who in¬ 
vestigated die cudedat and StOmatal apparatus of ft large number 
of living and fossil members of the ConiferaleR (cone-bearing 
plants) and similac plants. Given only A very small piece of a leaf 
of a conifer it is quite possible to identify it. Flo del round that the 
characters of the stomata! apparatus helped to separate taxonomic 
groups of high rank. He found that die anatomy and ontogeny of 
the stomata! apparatus formed a combination of characteristics 
which, in least n:« a nctuijn extent, reflected me -elmions]lips of the 
orders or classes of gymnosperms. And along with the cutieular 
analysis the epidctcnal characteristics helped gteatly to dis¬ 
tinguish between geneta, and sometimes natural groups within 
genera, and even between the aperies themselves, All told these 
characteristics were found CO be important in developing a 
natural classification for the gymnospetmsd 

A few examples will illustrate the importance of these char¬ 
acteristics. The adult leaves. Of the English Yew (Ttfjcsr knetata) 
and the New Zealand Miro {PctkcarpUsftrrityJMtl) arc linear, acute 
at the apices and spirally arranged in two rows. They ate in¬ 
distinguishable morphologically, but their epidermal features Are 
quite different in several respects Of the stomata and associated 
cells (see Plate $). A new Tu^X* was discovered in China with 
leaves like Taxus but the male flowers were sligh tly d ifferent from 
those of the normal Texas Attd the Seed was white instead of red. 
Examination of the epidermis showed it to be distinctly different 
from Taxxr, so much so that Fiorin could put it into a new genus 
called NoikohtxHt. Another Chinese ‘Taiad 3 called Anatoliatm 
argtfdtttia was first placed in the genus P^htafptt^ and then in the 
genus Cipha}otexits t but it is different from both. In fact the 
Structure of its epidermis is unique among conifers and fajtads 
which puts it into A new germs immediately [Anwtiolaxit. r, see 
Plate y). Again, the 'living fbsslE' Mettutgitoia gfypl&ttr&bsidts, 
found oniy r a few years ago in China, has vegetative shoots £C- 
Simbling those of Tsxedifitti diitichum (the Mexican Cypress) acid 
also those of the [ovemle condition in Glyplastr&biu [Chinese 
Deciduous Cypress}, but the Leaves arc decussate- The male 

1 igj] and syjii 
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floivefS arc arranged in long terminal panicles Hi in Taxsdsbtfs. 
The female cones lrave decussate scales but otherwise are like 
those of JfcjWffli (the E xfawi), and, as in this genus, there are two 
cotyledons. Thus Mttattqsmia presented quite ft problem 10 
systematise and evolutionist alike, but the stomata! apparatus 
soited the matter out-a little. E xam i na tion of the apparatus shows 
that Stqtnis and GiyptoitnbtT are not very Fat aps.it, but the 
Stcuccure of tile stomata in the Other genera is different, M?td- 
jgqjrna di Efers from all of them in the stomata and la so characteristic 
thftt it is possible to identify even isolated leaves. 

Classification and systematic? also find great support from 
ecology. The species iftiely lives naturally in isolation; it is 
always a member of ft population, and furthermore the pattern of 
variation finds its best expression itl the population. Spedes also 
hive a distribution in time and in space. Thus the ecologist 
nowadays is coming more and mote to the aid of the systematise. 
J.. C. WiUis in his Age and Area theory 3 found that age ftlooc in a 
species accomplished nothing, but age considered in relation to 
distribution of the plants led to several conclusions. Thus he com 
Sideied (ft) that die age of a species, or group of species, could 
be determined by estimating the sine of the group as shown by Its 
numbers and by comparing its size with that of Others, and (b) that 
the age of a species is directly related to the size of its area of 
distribution. Many criticisms, however, have beer, advanced 
against Willis' theory, but nevertheless he pin-pointed the type of 
support to be given to the syStemftUSt by the ecologist- Statistical 
studies of the individual or grouped characteristics mace on plants 
and animals obtained from many populations lead to the re¬ 
cognition of local races, the limits and os tent of variation:], the 
relation of the species to the genus and so on. These is a wide 
literature on this type of work and we can do no more here than 
mention a few names Such as TuressOn, Turriti* Huxley, Clausen, 
and Gregor, Readers who wish for further information on 
this rapidly expanding and interesting mpprotktffi&til of various 
categories of biologic*] woik which has even led to such new 
disciplines as ‘eJtpetimeoial taxonomy' (Ckusen, Keck and 
I-Eesey) 1 or ‘hiDsystcmaty 1 (Camp and Gllly) 3 should consult 
Stebbins^ Huxley 5 ftrtd Turtill. 6 

* 3 Ta J 9J*, ts+s. I Jt4, *«■ i ijUj- 

* l?Jo. 6 i^d. »■ 
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As a whole this modem work or. systematic*, using the help of 
Other workers, has already shown that in nature sherc Ate many 
distinct species which axe no* Separated by morphological 
characteristics alone. True classification must, therefore, expand 
its boundaries. A good example of this has been given by 
1} obsnaf-S ky L in &r'o&apbiia pitfidi-obstifr j in which there sis. two 
morphologically indistinguishable faces. Race A prefers a hot 
summer in Mexico, the Rocky Mountains and the coast of San 
Francisco, while Race B prefers the more temperate climate of the 
coasts of the U.S.A. -and Canada, Sierra Nevada. Hence the 
territories of these two races overlap smd while they may cross 
with each other, tbc hybrids are sterile. Dobzhansky found that at 
high temperatures Race A lays more eggs than Race B, btSE at 
lower tODpexttUKS Race B Lays more eggs than Race A. These 
differences apparently ate ietennioed genetically because out¬ 
wardly and in their chromosomes Races A and B are identical and 
they could Only be distinguished by statistical analysis of char- 
actors such AS size. Tan ,2 Dobahansky and Sturtevant 3 later 
showed that the differences between them iay in a large number of 
chromosome inversions in the two races, 

It should be pointed oyit that k the opinion of ttumy biologists 
varieties and species ate considered to exist as actual natural 
entities, while the genua is an artificial category. W. H- Sharpe* 
remarked that it seems io be inipcssihlc at present to give a 
definition of the genus which would be acceptable by various 
kinds of biologists. Tffhile artificial and natural systems of 
classificslian arc logical constructions provided they use criteria 
which are essentially characteristic of the organism concerned, it i5 
re a fixed that it does not thereby follow inevitably that morpho¬ 
logically closely-related Species arc also closely related by descent 
except in cases whece blood relationship has been shown by 
direct means. Still, the position is such dtat most biologists 
believe a natural system indicates common origin, oc origin by 
descent, of the units which are classified. There is some diversity 
of opinion, however. For instance, TJF. T. Caiman,® writing from 
the point Of view of a museum taxonomist, pointed out that 
although there is a very large number of animal species, about 
three-quarters of a million Or mote perhaps, he and his colleagues 
esamine new species every day but they can nearly always put 
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them into their place in the cLassiiicatory system. The un¬ 
expected spedfis is a rarity; the spedes examined Seenl to tun in 
we LI-defined dumnels. Caiman wrote: 'As a result of this 
experience, we come CO have, a confidence in the Natural System 
of classification that is perhaps not always shared by Out colleagues 
In die laboratory. The Sjsitrrm Natvr** becomes tor OS an objective 
seaLUy, not a mere convenient filing device.' He believes that the 
Natural System is foumted on descent with modification. 

In the same, way T. A. Sprague 1 as a botanist considered teat 
natural classifications are truly phylogenetic and that experienced 
botanists came to this conclusion by ft Study of cone l a fed 
characters. His explanation COnld scarcely he bettered and it 
show? the strength of the view that classification furnishes strong 
evidence for evolution, Hence we quote a chief passage: 

Tf a jiavLiial classification in biology were merely 'a particular example 
of natural classification in general',, why should characters pre¬ 
viously tin in own and unconsidered so frequently ptov* to he 
correlated irs the sserve way? It, on the other handj. the- "ciatuiaL 1 
groups previously recognised ore> ently phylogenetic, there is every 
reason to expect such correlation. The fact that piece after piece of 
'natural' classification hai been strengthened hy the discovery of 
addifionAf csoeeeiated characters carries conviction to chose most 
concerned. The taxonomist accordingly accepts the working 
hypothesis that the well-tested 'naiutad' groups in biology are 
phylogenetic, and this seems more scientific than to reject this 
hypothesis without offering any alternative explanation of the 
observed facts. 

Sprague was careful to point out, however, that above the 
species rank phytogeny Is mainly a question of probability, and 
that so-called phylogenetic trees of the ang:ospeim&{tne flowering 
plants) ate purely speculative. On the other hand, j. S.L.Gilmoue 
who examined taxonomy from a philosophical point of view, 
reported that there were two schools of thought generally among 
biologists, that is, on* which considers the Natural System is 'one 
based on the phy’ogtny of the groups concerned' and the other 
doubts whether a log Leal daasificaeioii 'is always and necessarily a 
phylogenetic one 1 , Glimour also considered that probably 
phyiogeny itself is a subsidiary system Of classification wh ich may 
be used as a background to the Natural System. 

1 cMo, p. 442. 
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Id conctusion wc may say chat classification is an immense aid 
in biology and its value increases if sc is considered also Co show & 
tme natural relationship between the organisms classified. Inas¬ 
much as we do know without doubt that closely related forms do 
show close similarities we may reasonably extend this feet ItltO A 
generalisation and consider a true classification as a line of 
evidence for the oecutrence of organic evolution. It is not, 
however, a proof of evolution and evidently could not stand by 
itself—it is a pointer towards evolution. 

(c) Ei/idttiae fmm imbryobg) end atrafogj 
(ij Ensdstm from mbiyokffl 

It is convenient to group these two lines of evidence together 
under one heading. Neither of them makes the appeal now which 
it did in the earlier Darwinian period. As regards the cm- 
hryological evidence the changeover in opinion may partly 
represent a reaction following on the exuberance and the un¬ 
doubted exaggeration of the early Darwinians, For nearly fifty 
years the so-called biogcnetic law dominated and was indeed the 
ration d 3 fort of embryology to the sad neglect of mote Fundamental 
embryological research. One of the most famous and often 
quoted phiases in all biology is thac which sums up this biogenetit 
law as ^ontogeny recapit ulates phylogenv 1 , The history of those 
pOst-Darwiniar. years under the influence of Haeckel is a good 
illustration of Iruw enthusiasts may be Usd away by wishful think¬ 
ing and it does not stand to their credit. 

Even in 1894, however, Gegenbaut 3 declared that ontogeny- 
had become a field allowing full and dangerous play to an active 
imagination, and he maintained then that the necessary cri tique 
for ontogeny must be drawn from some other soutce outside the 
subject. By the turn of the century mote and mote biologists were 
beginning to realize that there was a tendency to exaggerate the 
importance Of the biogenetic law (see Ainsworth Davies). ! 'Ibe 
starch for evidence of recapitulation equalled in intensity that far 
the. missing link. Even in modem times we sometimes read that 
the facts Of embryology' endy permit an interpretation baaed on an 
assumption of evolution, no other interpretation being posribdt. 
The language of the evolutionary embiyologisis used often to be 

1 18514, p. J 1 ,. 3 3$ai, Vat, p. 5, 
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most picturesque and exaggerated; for example, J. Huxley 3 once 
described (he human embryo as 'an imperfect memory 1 of a fish¬ 
like stage. Huxley, however, now rejects the kw of recapitulation. 

In order EO appreciate this line of evidence it is necessary to out¬ 
line some of the early stages of the development of organisms 
from the time of fertilisation. In the usual Form of reproduction 
(usual because it is common but by no means inevitable), a male 
sex ctH, or gamete, unites with a female gamete. Tills process is 
called fertilization, and the product of fusion of the Lwo gametes is 
called the zygote (and there ate different kinds of zygotes each 
with particular names). Throughout the world of living things 
this process of fertilization varies considerably. For example, the 
bodies which fuse may not be gametes - n [ he strict SCOSC of the 
word—in the alga SptfQgyfd the whole contents of one cell fuse 
with the whole contents of another cell, or, again* in many Fungi 
the fusion is rather between nuclei than between either gametes or 
cells. Mevcrthdesj (he fusion of formed gametes is tssent'aiiy the 
method of sexual reproduction which predominates among 
organisms, especially the higher animals. Here we will only state 
some early features of the embryology of some plants and give a 
few Other examples, otlie raise we will deal chiedy with the facts 
as found i.n many animals. 

In plants, among liverworts, mosses, ferns and fern-allies, that 
is, among all planes which possess an undoubted archegOflium, 
which we mentioned earlier, after fertilisation the zygote divides 
into Cwd cells by a tiausvcrse ’Will and then into four cells by walls 
at right-angles to the hist and next into a small ball of eight cells 
by walk at light-angles to the first two seta of walk- Some 
variation k found in (his chaisoteiistic formation of the ixUitfif, 
as the ball Of eight cells is called ; for example, In Stiqghistla the 
zygote divides into two cells, one of these hecorr.i ng an absorbing 
cell called the suspensor while the Other forms the octant- The 
cells of the octant SEC so arranged that tllfty form two tiers of four 
cells each and from the cells of each tier a specific tissue ultimately 
develops. Thus in all these plants the early embryonic Stages are 
essentially the same and on evolutionary ideas this fact, would 
argue a community of Origin. 

Some workers have considered that plants flte particularly 
favourable as a source of examples of the hiogenetic law because, 

4 i?j4,p. 70. 
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unlike many animals, they have no free larval Stage. In many 
cases structures axe found in a VOung plant which do HOC Occur in 
the adult plant but ate found as normal structures in the adults of 
related plants. This applies oarticulady bo luavffl ; for example, many 
cacti which grow in very dry situations axe leafless, ot have leaves 
which are extremely reduced, but in their seedling or eaily sages 
normal seed-leaves are formed. An unusual example is shown in 
the case ot phyUwlptkt 'f. These arc llattencd stems wliich have 
taken over the function of normal leaves, oe ptylUdtS. Jn the 
seedling Stages most phyllodadou® plants show normal phyllodes. 
In many conifers the primitive condition of the leaves is to grow 
directly on the stem. In the Scots Pine the normal leaves of the 
adult plant occur in pairs on d warf shoots, but in the seedling up 
to thfi end of die first year all the leaves grow directly On the stem. 
There are many nd.ur f.xr-.nuks which arc sr,mn:-nes cosuddeied 
to illustrate the biogenetlc law ($« E, C. Jeffrey ). 1 

Among animals the story of recapitulation is much more com¬ 
plex because embryology is rather an epigenetic process Us con¬ 
trasted with the t 7fb- and t Sth-eeututy idea of p reformat! on, That 
is, it is a process in which the young organism develops part by 
part and not a process in which a homunculus ot mannikin in the 
egg merely unfolds and grows, as it were. This idea of epigenesis 
was in a sense one of the pomts which made the biogemetic law 
seem so convincing, 'The successive stages in, evolution from iish 
up to man were exemplified by additions to the embryos in die 
more advanced stages, A bird and a man, therefore, would be fish- 
like because their embryos possess, ot were said to possess, a fish- 
like Stage. And indeed, comparisons of embryos of various 
veEtcl^raft animals gave great support to this idea drat, the 
organism in :ts development, or ontogeny, goes through its 
evolutionary history, or phylogeny. Compare, for example^ the 
embryos shown in Figure At an early stage they all look alike, 
but later they' begin to diverge each into its own characteristic 
type, It takes an expert embryologist to distinguish superficially 
between the early stages of, say, hsh^ salamander, tortoise, 
chicken, pig, calf, rabbit and min. Even vOn Baer, one of the 
founders of embryology and nefose Darwin"® time, hid two small 
embryos and he was uncertain whether they were Jj^ard, bird Of 
mamma]. The stages shown in Figure 3, however, are not the 
1 10H. 
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earliest stages, however much they look alike, and it is important 
to reali^, as WaMngton 1 pointed out, in their very earliest 
stages the embryos of different animals arc radically different. 

Wt may uote some of the recapitulatory features which animals 
ae* said to show. For sample, the embryos of reptiles, birds and 
mammals show ft number of gill pouches on the side of the neck 
in the position in "which the gill slits occur in the adult fish, A 
pouch is not a -slit, however, and it would be truer to say that these 
pouches resemble gill pouches in the fish embryo rather than in 
the adult fish, Further, internal to these pouches there are the 
blood vessels or gill arches which arc disposed to the heart 
exactly as in the fish embryo. The heart itself In the embryo of 
these higher vertebrates is two-chambered like that of the fish. 
Again, aF vertebrate embryos have tails which are very much alike 
in the youngest stages but which change as development pro reeds, 
to become, as the case may be, a true fish tail, ft mammalian tail 
and, of course, none in man. Bat occasionally a vestige of a tail is 
seen in man (sec Plate i), In the lower vertebrates like Am- 
p&iaatt there is a primitive notochord (a rod-like structure which 
is the Erst part of the skeleton to be laid down); in fishes various 
stages in development nf this structure arc round, while in amphi¬ 
bians,, reptiles, birds and mammals part of it develops to become 
the backbone. In the vertebrates three kidneys develop in the 
embryo in a set order; these are the pnmpbr&St the wtwtNpbrw 
and the mtsHtpbrai OC fully-formed kidney. In the adult fish die 
process Of development Stops at the mesonephros stage. 

Other types of examoles which are quoted in the literature may 
he mentioned. The KhtZOCephala Saffttiixa in the adult stage 
consists of practically nothing but a digestive and a reproductive 
apparatus, hut in the larval stage it is a ftec-Swimming dirnpedtj 
fnrm. Againj a flat-fish like the turbot, plaice oi sole, bes on the 
bottom of the sand or mud on one side with two eyes nn the 
upper side. But in the young stage these flat-fishes ate sym¬ 
metrical in form like ordinary fish with an eye on each side of the 
head. In an echmodetm called Ant&lw (the feather star) the adult 
consists of about ter, waving feathery atms by means of which it 
can attach itself to rocks. But in the young state it is like a sea- 
lily rooted to the rock and with a long stalk eo which the feathery 
arms are attached. Later the upper part with the aims bleaks off 

1 W&'P- 
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and Swims away. The embryo of the Nnrwhak possesses a com¬ 
plete dentition in the gums and some othet toothless whiles alao 
lave embryonic teeth. By making use of eflObryolngEcal facta of 
this kind zoologists have been able to solve several problems of 
cksslfkatiotL The tunicates and Bdtmtf&iati have been said to be 
related to the vertebrates.. The King-crab was once thought to be 
a member of the Crustacea but embryology indicates that it i$ 
possibly realty related to the spidets and Scorpions. 

We can appreciate how many facts of this type seemed to present 
convincing evidence of recapitulation. No othet explanation of 
die likenesses of the embryos Other than the straightforward one 
of relationship through evolution could be given in the earlier 
Darwinian period, It seemed to he so Logical and reasonable so 
assert chat If fish, reptile, bird and mammal evolved m dint 
sequence then the occurrence of fish-like Stages in the embryology 
of higher types was merely an Illustration of an evolutionary path. 
This is a circular argument, flO doubt, but one which was Strongly 
held for many years. Whether tecfipitulation is evidence of 
evolution OC not, the resemblances of these structures still require 
an ejfplaoation- 

While it is undoubtedly true that many of these animal* do look 
alike in their young stages, it should be pointed out that generally 
speaking it is the embryonic forms which resemble embryonic 
forms and not die embryo of SI higher form which resembles the 
adult of a lower form even as von Baer Stated before Haeckel^ 
time. It Is really a truism to say that the young of animals resemble 
each other more than do the adults. A hasm postulate of the 
blogenelsc law was that the animal embryo shows certain features 
of its phylogenetic past which, however, are useless to it as it 
develops and SO ate ultimately lost. Tn other word3 sucfl Structures 
as the tail in the embryo of man, or the gill pouches, are vestiges 
of a past stage. This uselessness JS, however, an assumption lathee 
rather than a fact. Among the cases already given W. R- Thomp¬ 
son 1 pointed out, fot example, that, as. far as SiieatitEi) is concerned, 
a frcc-swimmiog larva is vitally necessity to the animal in order to 
find a host on which to spend its adult life- It is not A vestige, 
Dew&t 2 and Dewar and Shelton 1 showed very convincingly that 
many of these vestigial organs arc present in the embryo not 
because they ace recapitulations, but because they perform some 
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vitil phvsio logical function ncoeMBty tD tile animal in. the StSgt 
Sind environment in which it IS living. Dewar's 1 dpkattion of 
the ptesenec of the three types of kidney in higher vertebrates will 
Suffice to show 11R that -Ml ciLplsmtion can be given for all such 
structures on the bads of utility, We quote the passage in full: 

M a kidney is a am q«a of existence at a very early s tage of em- 
tayur-ic development, long before a complicated one has time to 
develop, a very simple kidnay, the pronephros, is fitft formed, This 
consists of* hit of two oe three nephridLa on each side of the body. 
These nepbridia *ie lsunute tubes, one end of which opens into the 
body cavitv and the other into a common duct running the length of 
the body leading to the exterior, liach uepliddium comes into 
contact with a hunch of tiny blood vessels known as a giomttulttJ. 
The waste products of the body art taken up from the blood by these 
nepkridia and pass into the common duct and so out of the embryo. 
As the embryo- grows, new nephridia arise behind the first ones. 
These are of more complicated nature and SO ate described as a 
second kidney, the mesonephtos. As these increase in number the 
jimple pronephros disappears. A kidney of the mesonephros type 
suffices to tatty off the excretory products of a comparatively simple 
pnijnttl, and therefore persists in fishes as the permanent kidney, But 
a mesonrphrus is inadequate foe the needs of mom complicated 
animals, in consequence a fat more elaborate kidney, known as the 
mcranEphtos, Is developed behind the mesonephros, When at bit 
ihis kidney is ready to function, the nephridia of the nWSOnephtas 
becooie absorbed, hut their common duet persists and is, used to 
convey male genital products. Thus, in my view, these three 
Successive kidneys sit i necessary and beautiful device for metiing 
the needs of the embryo while the final rype of kidney is being 
developed. 

We may note further that this example of development shows 
how efficient and economical Nature ia in such processes of 
deveiopment. Nature does not waste structures. The mechanism 
underlying such embryological processes must be very finely 
balanced, 

The germ-pbatn layer theory of embryonic development 
probably began with Caspac Friedrich Wolf (173 $*^794) ill the 
iSth century, and devclop-ed until the time of von Baer (175-1- 
1876} who crystallilMd embryological knowledge in this regard by 
teeogtlisdng that germ layers are present in many invertebrate and 
1 isit, pp. BJ-llC. 
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j. Types of nymnDspernwHia stomata. Compete A (Tuxftr bsefata) with B 
( P i 1 tkfO rjiur jfrragrrtws ) Incl C (’ Ctpl)#iQimr/u jur/gntj) iviih D {A/xtnfriiaxtit 
afe^iBotitiy Noec dei each case the shape of the smina and of the 
encircling cells. (From Florin, igji and igji) 
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vertebrate animals. Kowalewski 3 first showed in x R-(j 7 how a 
single-layered condition in Antpbioxai became converted into a 
two-la ye ftti condition. Thus,. soon after Charles Drtrwin 
published Ills Origin of Spttiir, the Sequence of changes lo the egg 
and early zygote in many animals was known. fsLared in a general 
way this sequent is described below, although of course there 
are many variations in dirTerent types of animate. 



J T ^jf. Gaj[rulaciaci. A - gisrruLi nt Gsifrojt&yrrTmr (* koephyte), 13 - fit f^pWiZ 

hi warmj. C - Qf ti'iWtr (jsfl «Jijn<>derjD) h D - aC JVjujpfivir (nrt arthropod}. E - of 
(a nnoU lj c), F-nf ^jw/timjrRr \'crljeLraw)j d = intestinal f-avity, 
o i-i primL-ti-re mouth, t ™ cL«LTa(£f cavity, i — indaditro, u “ eeteidcinn. (fl.fier 
Rom wet, thsi.) 


Fertilization occurs and this process consists of two distinct 
features. First the Sperm nucleus unites With tire egg nucleus and 
secondly the sperm activates the resultant zygote and sets in 
motion, rhe subsequent cleavage changes. After fertilization the 
zygote begins to cleave, Or divide, first into two, then into four, 
eight, sisteen > etc., cells until a small ball of simple, apparently un» 
differentiated, cells is fanned. A liquid is secreted internally from 
1 SKIS?. 
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these cells so that gradually this ljall is converted into a hollow 
sphere with the liquid in the centre.. This stage is called the 
blasistfe. The blastul-a has only One layer of cells. NeKt, a part of 
the wall becomes mvagirtaCCd Inwards the remaining part of the 
wait, or sometimes new cells are formed inwardly from the 
blastLilsi wall. The resultant is called the fpOmk which now 
consists of a hollow body with a two-layered wail and open at one 
end (see Figure 4)- The outer layer of cells Is called the tetodem 
{rdabhat) and the inner layer is the tadodimr Next a 

third layer of cells «!M the mtediTiB is formed between the 
ectoderm And the endoderm. Finally the mesodetm becomes 
two-layered with a space or mkm separating the I avers. Up to this 
stage the various ceils of the embryo have been relatively un¬ 
dine tent rated but they become folded and pouched Out in various 
ways- From this stage onwards, however, the cells gradually 
differentiate until finally the tissue* of the embryo are laid 
down. Thus the important Stage is gasLrulation and Nelson 1 
defined this as follows: ‘Gagtmladon is the dynamic process 
during which the major, presumptive organ-forming areas of the 
hlastnla become rearranged and reorganized in a way which 
permits their ready conversion imto the body pSftfl of the particular 
species.' 

It has long been tecognlred that even in the bJaStula Stage 
certain parts of the embryo constitute- organ-forming areas, 
Special techniques arc used to tract out developments of this kind, 
and for higher types Nclscu^ listed the following areas iti cht 
blastulfl as: (a) a neural plate area in the ectoderm which gives rise 
later to the neural tube. Optic nerves, rcljna and peripheral nerves, 
etc.,{b) an epidermal area in the ectoderm which gives rise to hair, 
nails, scales, lens of die eye, sense organs of the peripheral pair of 
the body, etc,, (c) an endodetm&l area giving rise to the lining of 
the gut and Other UitbgS, (d) a notochordal area which gives the 
notochord, primitive anterio-posterio skeletal axis, etc., (e) meso¬ 
dermal areas giving the muscles, blood, kidney* uterus, gonads, 
etc,, flrtd (f) a germ-rell area which gjyea the primordial germ 
«Ns- 

Wr note here that animals begirt life AS a single cell, hut marry 
Of the lower forms, suda AS the Coelcnrerata (like Hydra)* never 
get far beyond the inirial stages. The treed of development is 
1 1 9 J i, p, 1 a T91J ► Sp. j J }-5 
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from the gcoeial to the particular. In 1872 and 1874 Haeckel 
developed his blastaei-gSSttaea theory. He gave true name gsatiuia 
to the two-laycrcd embryonic stieuctnre and be likened it to the 
3ilu.lt cnelenteratcS, although in these types the hlasteda. is not 
farmed by invagination H_iR.it by a process of delimitation from the 
dermal layer?. The body of these animals was said to be made up 
of two layers enclosing a central cavity, or enterem, with an 
opening or month At One end, and at this end two-layered cavity- 
less arms or tentacles grew out, Haeckel postulated a primitive 
adult form, nr hlastscs, with a similar structure to the blastnla, i.e,., 
it was made up of a hollow ball of cells filled with fluid and with 
cilia growing nut fiom the wall Next be conceived that from this 
atosc a further primitive aduir type also with cilia and similar to 
the g&strula stage. From these- postulated types he assumed the 
derivation of ail subsequent forms of protozoa and metaMa, 
Hence the metazoa in iheir eady stages went through the adult 
stages of their ancestors; in other words, they recapitulated their 
phylogeuy. In this way Haeckel developed his biogenetic iaw 
which he then applied to all embryos. 

One most far-reaching result of Haeckels hlastaca-gastraea 
theory was that many zoologists accepted the evoludon of the 
metazoa from a coelenlerate type of ancestor which itself had 
evolved from protozoa- It is easy to sec now dial Haeckel's 
initial mistake lay in comparing an stsbrjs with the adali of a 
postulated lower form, or in considering that the larval stage in 
development represented the adult condition of a previous 
ancestral form of animal. He also pictured changes occurring by 
the addition of structures to the embryos over and above those 
already there. But it is now well known (and had in fact been 
emphasized by von Baer before Haeckel’s time,, that embryos may 
resemble each ofhet but an embryo never resembles an adult. 
And again, embryonic changes generally ate not M M te w but 
rather n^sHffdwtS, a new organ usually replaces an organ 
previously present. The development of the kidney gives an 
excellent illustration of such substitutions. Embryos tend to 
resemble one another at certain stages precisely because they are 
going through similar stages each in cheir own developmental 
cycles, and it is necessary fbr the embryo to work highly efficiently 
and Hmoothly while xSie complicated changes leading to the adult 
condition are raking place. Them is a necessary ontogenetic 
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connection. between form and function in die emhrvo, Wadding- 
con 1 summed up the modern position in these words; 

The type of analogical thinking which leads to flieorirs that develup- 
me-cit is based on the recap ice lari on of ancejtiai stapes or (be Lite no 
longer seems at all convincing or even very interest mg to biologists. 
Qur interests have been awakened by the possibility of an -analysis of 
deveiopmeitt in causal terms; and- it is in this field that modem 
embryology sects for jCs guiding principlssr Recapitulation, in all 
the forms in which iL occurs-, remains an important phenomenon, 
but it appears nowadavs as a series of problems for evolatLonary 
theory do discuss rather chan as an explanation of developmental 
proceiSe*. 

If evolution takes place it must be connected to embryology in 
SQtne. ’Way, even if it is the adult which actually evolves tathci than 
cbe embryo, because both adult and embryo arc the same in¬ 
dividual, If recapitulation is not the guiding principle in em- 
bryology, or even of importance, it is possible that it has little 
value for evolution and Less stilS as evidence for it* occurrence. 
Analogies arc only useful up Co a certain point, if they are Carried 
tno far they may lend to error, as indeed the biogpnetic law un¬ 
doubtedly did in embryology and retarded progress for many 
years. 

It has been pointed out by dc Bcet^ that if embryology hits any 
significance for evolution it will lie along lines indicating 
aHtniries between related forms, because the younger the embryos 
and the more closely related they arc then the greater the re¬ 
semblance between them and these resemblances persist longer 
between closely allied forms. If embryology is to furnish precise 
evidence for evolution it requires a rigid delimitation between 
pdliagifi&tk and ifitftvgttiilk character. 1 : in tbe embryos. Paiingeoctic 
characters ate those which are derived from a long line of an¬ 
cestors; while coenogenetic characters ate those which have been 
more or less tecendy acquired by the embryo dne to its needs in a 
changing environment. But these characters ate £0 intermingled 
in any embryo that their determination becomes, largely i matter of 
speculation and pre-conceived ideas. 

G. E,. de Bee: has consistently' opposed Haeckel's interprets!, 
don of embryology in m endeavour to obtain a causal analytic, 
rather than an historical, approach to the subject- He developed 

I 1^5 (j r p. -EG. a p. 4B6. 
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his criticisms in detail in liis book arid AjfftJ&rt and 

we muse give some of his conclusions which are important and 
are currently, used id embryology. De Beer found that recapitu- 
latioci does not occur; phytogeny has no causal relation to 
ontogeny because the ontogeny of a descendant is affected chiefly 
by inheritance from a previous ontogeny, while phvlogeny is the 
result of inheritance and of external factors. By pbylogeny de 
Beer means comparisons of adult forms and this is the method of 
palaeontology which is unable to investigate the ontogeny of 
ancient forms of organisms. Ontogeny, however, is the study of 
the development of organisms throughout rheir developmental 
period from fertilization onwards. De Bcci wrote' "Each 
ontogeny is a ftesh Citation to which the past contributes only the 
internal factors by the mams of heredity/ 1 As the soma is more 
Of less distinct from the germ-plasm then the adult form con¬ 
tributes little to succeeding ontogenies. But in tlie ontogenies 
changes may occur which may affect the appearance Of succeeding 
adults by inheritance- Many of these changes occur by alteration 
of relative rates of development of various organs. Evolution, as 
de Beer said, results from 'the acquisition of qualitative novelties 
and by the production of novel situations hy quantitative 
alteration of the rate of action of the internal factors 1 . 3 Phylo¬ 
genetic effects are produced by (a) paedamorphosis in which youth¬ 
ful Characters ate introduced into the adult Sequences by means of 
dmatmi from ancestral conditions and by means of nt&Ufy or a 
retardation of die bodily structures while reproductive structures 
advance; (b) hy grrWntotsorphosis or modification of characters 
already present in adult forms, through adtdt vamtiiru which are 
inherited, through hypirfssfphcnis or delayed development and 
through aaeisratioa In the young stage in which an ancestral 
character appears earlier than normally. Hypermorphosis and 
acceleration may product p&iatdgtttlii, o t repetition of characters, 
present in ancestors. Falaeogeneaia simulates recapitulation and 
de Beer pointed out [page cjo) that the mistake of the recapitula¬ 
tion ists was to consider that the repeated character represented the 
adult character of the ancestor when it may really he an embryonic 
Or larval character. 

De Beer's conclusions and the modem embryologist's views 
resulting from analysis of ontogeny in terms of causal relationship 

1 1918, p. jj, 4 ipifl, p. 56. 
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has freed embryology from the 'mental Strait-] acket s of teCApitU- 
ktkvn, 1 Thus phytogeny is seen as flit TtltiU of ontogeny and 
not its til Fiji. Phytogeny is an ItUroricaL study of adult forms 
’which does not give critical information of the decisive stages of 
ontogeny. Ontogeny depends ultimately on the genetic make-up 
of the organism and 30 dc Jdecc can conclude: 'But since phyla- 
geny is but the reside of modified ontogeny there is the possibility 
of» causal analytic study of present CYolnt:on in an experimental 
study of the variability and genetics of Ontogenetic processes. 

(ii) Strahgf md biac&ewitsl twhtbwt 

A more recent approach to evolution is through biochemistry, 
and while there is not as yet a great deal of correlated information 
available,. the term biochemical evolution is an accepted one. 
Mated Florkin’s Bkthtmtal Evefalm, already mentioned* has 
brought together much recent information on this subject and 
some of the information given below has been obtained from this 
book, 

Florkin finds that no j natter what the cLassificatory position of 
an animal, there are undoubted biochemical similarities indicating 
a unity of biochemical design. Chemically, living things show 
many common properties. Water, of course, is common to ah 
living things; % limited number of mineral substances stem also 
to be a sins q/m nw of organisms. The protoplasm of animals 
always contains sulphates, chlorides, phosphates aod hicatbonares 
of potassium, calcium* magnesium and sodium. These substances 
are also characteristically present m what Flotkirl calls the true 
'mlitk in hr fiat 1 or biological fluid which in mecaitoa is found as & 
tissue Lymph and an Interstitial fluid. Again, the hulk of the dry 
residue of animals always contains Ifttge proportions of the 
organic substances, proteins, lipids and glucosides, along with flit 
salts mentioned above, As proteins ate ingested by animals dtey 
must subsequently be digested and the ptoducts absorbed by the 
body. Digestion uf protein is invariably brought about in all 
kinds of animals by a scries of enzymes which operate in, the same 
sequence.! these enzymes ate the proteinoses, carboxy-pcptidases, 
aniinopolypeptidilscs and dipeptldascR which break down the 
proteins snto polypeptides, dipeptides and finally into amino acids, 

1 Dt JJccr, TJlfl. p. sj. S I£lS* p. 
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Smooth and striated muscles ate a feature of vertebrates and af 
some invert eh rates. A muscle worts fey contracting itself and 
thus exerts a pulling force on the distal part to be moved. This 
confection tikes place in aLL cases through chemical means in¬ 
volving a protein called actinOmyadn and in 'which the energv 
necessary for the reaction :s obtained from the anaerobic break' 
down of giycogen which again follows the same path no matter 
what the animal. Tills path is as follow*: glycogen is degraded 
successively to bexosaiKi no phosphate, h exo sed ipho fifths te, ttio- 
sepbosphate and finaliy lactic acid. 

There also seem to be orthogec.etic trends in the evolution of 
the various biochemical systems in animals, For example, the 
amount Of protean in die blood increases regularly as we pass from 
molluscs find gastropods to cephalopoda; while on the other hand, 
the protein sugat content decreases in concentration as wc travel 
up the animal scale to cephalopoda. The efficiency of the blood in 
carrying carbon dioxide in animals increases greatly in the Order 
gastropod, skate, tunic, goose, horse, man. There are other 
similar examples. Wbat tnsty be called a metabolic Orthogenic tic 
trend is well illustrated in the variations of purine metabolism as- 
found to animals with different degrees of complexity. 1 The 
complete cycle of puritie metabolism is as follows : adenine and 
guanioe are m amino-purines found in animals, and these are 
first of all delaminated to become hyposmihine and xatlthitle 
respectively. Then both of these arc oxidized to become uric 
acid and this is the end of the first stage. The next stage is called 
uricolysis and it consists in rhe breakdown Of uric add tn allajitobl, 
then allantoic acid, glyoxalic acid and urea. Finally urea is split 
into ammonia and carbon dioxide. This cycle is not completed in 
all animals, but a shortening OCCUR by the gradual loss of the end! 
links :n die chain as we pass up the animal kingdom. The com¬ 
plete cyde is found in marine invertebrates such as the mussel and 
crustaceans. In die fresh-water mussel, £sbes and amphibia the last 
link as missing and the cycle proceeds only as far as urea; in higher 
animals, insects, reptiles, birds, and mammals the Cycle only r goes 
as far as allantoan or to uric acid, 

In genetics there are a number of examples which show the 
synthesis of metabolic products as step by Step gerte changes, and 
itl Other cases mutations may vary from the patent by a gene 
1 FJnrlcLn, 1945, pp. 44 .- 4 $. 
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difference. Hence Chemical evolution may ultimately be dealt 
with at the gene level Wc ltavc already mentioned the checa ical 
homologies and analogies which ace to be found in the chemistry 
of animals, and sufficient has now been given to show the kind of 
evidence for evolution which biochemistry may be expected to 
furnish in the future. 

Evidence of a similar: kind is obtained from blood tests and we 
mention it separately here because it is generally treated as 
evolutionary evidence under the heading of siftkgy. 

Blood la a liquid tissue earned in blood vessels (in the higher 
animals) acid forms a transportation system conveying oxygen, 
carbon dioxide and food to and fro between the body tissues. 
Essentially, blood consists of plasma or scrum which contains 
salts, food and wsste matter, and also of red and white Cor¬ 
puscles. Enzymes, antibodies, antitoxins and antichrombin are' 
also present. As we have already mentioned there are four main 
colouring matters in blood giving four distinctive kinds of blood 
—red haemoglohinsj green ctdoiOCIEwOtms, blue haemoeyanins 
and red-violet haemerythrins. These are found in different animal 
groups. While in general the blood of animals may bdoog to 
these four analogous types, the blood of no two specie* of animal is 
absolutely identical. Blood ls such a complex mixture and carries 
such an assorrmrnt of substances that it varies tremendously. 
The fact of this variation has been made use of by comparing die 
blood of different animals by means of sera or blood precipitation 
tEFtS, 

The technique of these, serum tests is as follows. The colourless 
serum is extracted from (say) human blood and a quantity is then 
injected into 4 rabbit over a period of time. Because the human 
scmm contains proteins which are not acceptable to rabbit blood, 
the latter forms an antibody which protects the rabbit from the 
human proteins. In this way a certain amount of antibody for 
human blood may be built up in the rabbit. If now this antibody- 
charged rabbit's blood is taken and the scrum separated it is found 
that the serum contains the- antibodies. This may be called anti¬ 
human scrum, and If a few dt0p3 of it are added to human blood 
stEum, the proteins may be precipitated. Such anti-human serum 
may be rested with the Sera Of various animal* and according to 
rhe amount of the precipitation obtained a comparison may be 
made with human blood—the greater the precipitation the nearer 
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the blood cnnocroed; would be to human blood, at least as regards 
the protein content. 

Els.borate tests of this kind were fjist extensively carried out 00 
marty smifttals by G. H. F. Nuttnll in 1904, Ncrttall and his co- 
workers carried our about 1 (5,qo:s tests in fate. Since then Other 
people have examinee various types of blood as regards the 
precipitation tests artd many claims have been made purporting to 
show the relationships of animals, but at the same time there have 
been maoy contradrctians among the results. It-has been claimed 
that: 

(a) Rkds show blood relationship DO reptiles, 
ft) Whales show relationship to hoofed mammals. 

(£) Liiacds and snakes are closely related. 

(dj The King Ctab is nearer to the scorpions than to the crabs, 
(c) Seals and sea-lions ate related to dogs, cats and bears. 

(f J Llamas are clearly related to antelopes, goats and sheep. 

(g) Marsupials are related to the Tasmanian wolf, 

{h) Turtles are related to crocodiles. 

(i) All caroivnra are more alike in their blood than other 
mammals. 

(f) Man, apes, monkeys, etc., show a closer relationship to 
each other than to other ma m m ale 

It would Seem that the evolutionary relationships indicated by 
these blood tests follows those shown on other grounds. Bu{ 
before a final conclusion is reached some of the contradictions 
brought Out by the tests shouEd also he considered- 0 , Dewar 1 
has done this in derail and we give some of his findings. Hefnqnd 
that NuttalFs CEpcrimctlCS also showed some human beings are 
less closely related to cbelr fellow men. than to the anthropoid 
apeSE some showed closer relationship to Old and Mew World 
monkeys than to their fellow men and again others seem to he 
just as closely related to camlyoies, ungulates and (OdenlS. One 
test showed that hoofed acimais were closest to the Cetacea but 
anodic* test stlOw&d them to be most closely related to hats. 
Again, the crane hud more affinity with the emu and the turtle 
rhan with the sparrow. While eel serum destroyed the ted 
corpuscles of Adult rabbits bu t not those of newborn rabbits, 

3 PP^-jaj 
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As blood in a limited tissue, limited in a themicd sense and in 
respect to function and also because, of contradictions such as 
those mentioned ftbuve,. it would seem to be better not to aJcach 
too gieat importance CO btood fests ftS far as evolution is con¬ 
cerned. All mammals possess a backbone which no doubt is 
chemically the same in the higher ones at least but that Is no 
reason foe saying that they ate therefore related. The backbone is 
pate of the common structural plan of vertebrates an gcnecftlj and 
perhaps blood too, as it is a tissue, with minor variations, is also 
pact of that plan. 
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Chapter IV 

The Classical Evidence for the Occurrence 
oj Organic Evolution, Continued 


1. fiVlDliNClE pto^ lALAEQHTOLCiyT 

a. Gtntrei aftniwif 

Many biological writers have emphasised the importance of the 
palaeontological evidence for the occurrence of evoSution. Some 
consider it to be the only direct evidence we have inasmuch as the 
palaeontologist studies fcssiLs 9 s they occur sequentially in the 
earth’s strata. Others, such as Dewar, consider that the whole 
theory of evolution stands ot falls by the. evidence ftom the locks. 
He contended that if this evidence is complete the theory stands 
demonstrated, but if it ig essentially incomplete the theory muse 
be discarded, or osed only as a wotting hypothesis, despite con- 
elusions, Ot inferences, which may be drawn from other branches 
of biological science. Ia presenting toe evidence for evolution 
from embryology we stated that phylogeny gives an account of 
resemblances only between adult (or at least formed) Organisms; 
it tells ns nothing about ontogeny ot the individual development 
Of organisms from the t'ertiiLiieft egg onwards. Palaeontology 
gives US 9 history of dead forms and it aims to construct die 
phytogeny of organisms which lived in the past, i,e,, it attempts 
to show the morphological relationship, real or assumed, between 
past Organisms and to connect these forms with dieir living 
representatives. Thus fossils by themselves can never furnish a 
rigid proof of genetic connections between organisms foe the 
simple reason that the ontogeny of such organisms represented by 
die fossils is unknown ar.d can never be known, A beautiful and 
complete series of fossil shells, for example, may provide us with 
an excellent evolutionary series in which one form grades into 
anodier. And it may in fact be true that each itYcmbet of the series 
was evolved jtl turn fiEOm its immediate predecessor. On the 
Other hand, it always remains possible that the likenesses between 
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the shells which enable us to construct the scries is coincidental— 
the actual animals which originally inhabited the shells way have 
been different, A point such as this One may possibly be settled 
by turning to other departments of biolngy, aucb as com pad Ltd™ 
anatomy, wluete living foetus can be examined. 

What we wish to emphasize bcie is that while the evidence 
from palaeontology is of very great importance in evolution it is 
not absolutely conclusive, and can never be so in itself, because it 
must always he incomplete, not only because it may he geologically 
imperfect at any given time, but because the picture it gives us of 
the organisms concerned is necessarily only a partial one. The 
fossils, however, are the only factual material we have which give 
us any indication of what organisms were like in past eras in the 
history of the earth- Tlicy give us a certain oictoriai history of the 
creatures which once lived on the earth and the knowledge gained 
from this aspect may be foined to knowledge gained from other 
aspects concerned with the evolution of living forms and joined 
also to the experimental and causal factors which we know affect 
and produce chaoge in organisms . De freer 1 pointed out that only 
a study of ontogeny (or si milaritv i r. ontogenies) gives proof of 
genetic descent and it is as well to state that the basic Assumption 
behind the evolutionary study of fossils is chat scmccuiai and 
morphological similarity indicates closeness of kinship. This is an 
assumption which follows from the biological principle of 
correlation (Cuvier). Jt is only by accepting this assumption that 
sense tan he made of the myriads of fossil forms which have been 
found, 

A fossil is the remains of any plant Ot anima l. Such a s cists, im- 
ptrisions, petrifactions and even footprints, found in the Strata 
making up part of the earth's surface. There are two chief major 
kinds of rocks in the surface of the eattb, (a) igneous rocks which 
were formed from molten matter such as lava and(b) sedimentary or 
.stratified rocks which were liUd down, regularly layer by layer bv 
deposition of particles chiefly In W9tCC and over a long period of 
time. The stratified rocks consist chiefly of limestones, sand¬ 
stones and shales- Fossils are found only in these Stratified rocks; 
any organisms involved in igneous roeki would be completely 
destroyed by the heat of the molten rock and no trace of them 
could remain when the lock had solidified. That the Sedimentary 
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rooks (and the term rock in the geological sense includes anything 
Sn the earth’s surface except the soil) an; laid down in layers or 
strata is welE known and obvious to anyone who visits a quarry. 
If tite uurfkce or che earth is stratified in this way it is dear that the 
lowermost strata would be deposited or formed first, i.e., they 
would be the oldest in time* while the uppermost strata would be 
younger, 

The absolute age of the earth and pf the strata thus becomes of 
importance but* until fairly recently, methods for estimating the 
age of the strata were inaccurate and unreliable. Modern, methods 
chiefly involve calculations depending on ihe rate of radioactive 
disintegration of titanium and thorium to lead. Other similar 
methods have been tried out but am mot so successful. The radio¬ 
active method was first proposed by Softwood 3 in ipo i and 
gradually physicists and geologists came to realise that it is a 
fairly exact method capable of conhrmationj for example* 
uranium and ij j and thorium may occur in the same mineral 
and this allows for three separate estimations which should 
theoretically agree. As yet* however, not all rocks and strata have 
been investigated by these methods. It is still common practice to 
date a stratum according to the fossils it contains and in practice 
this method has proved reliable up to a point and it is certainly 
more convenient than the radioactive method. Of course* it does 
not give any indication, of the age in years of the strata hut it does 
indicate the sequence nf the strata and the periods to which they 
belong. Gradually the absolute age* as fat as this tan be scienti¬ 
fically determined, is being worked out by the co-operation of the 
physicist* the biologist and the palaeontologist. An excellent and 
summarized account of the age of the earth bflS been given by 

A. Knopf. 1 

At one time or.e of the great dillicjlties confronting Darwinian 
evolutionists was the great length of time needed fdr evolution to 
occur and in Darwin’s day estimates of the age of the earth were 
very conservative and le'ativeEy small. The new methods give 
the oldest rocks an age of at least 2,000 mihion years And A- 
Holmes 3 stated that the age of the earth may be about y,jco 
million years* while a recent figure by T- S. Westoll gave it as 
31,50c million years. 4 The first absolutely certain remains of 
organisms are found in strata laid down about yzo milijon years 
*iyoj. * 304 B, pp, I-S, 11 ER 47 - * P. 
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ago . 1 Hue great period of time certainly cases the difficulties of 
accounting for slow r evolution encountered by the earlier 
evolutionists. TJne chief divisions of the earth's crust which 
represent geological time are called cfAf and tltcy are live in 
number—Atchaean a Palaeozoic* Mesozoic, Tertiary and Quater¬ 
nary, The first four are divided up into a number of Ferixh as 



Fg. 5. Geological Ecu and itniids with tlmt in millions of yenra end ituLd 
ptotsud tflllBll ^lOUps, (Pfilrfy based on WostaU, cjjB.) 


shown in Figure 5, which also gives a modern estimate of their 
age in years and the main fossil groups which have been fotuid in 
these rocks. Under normaL circumstances thfise Strata and their 
subdivisions always occur in the same Ofdcs wuh Lite Archaean at 

1 lieis'i&iiK of possible or,g>io:sHii have been eLscrsbcd from. Aichaei:: itrats whivlt 
mi}' be b.^oo cralikm vents-oldi see page ltd. 
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the bottom and the Quaternary at tbe top, or surface of the earth. 
But, du.fi to various upheavals of the earth's trust, noncon¬ 
formities are sometimes found in which the Otdfit of the strata is 
altered* or even completely reversed- in all these cases* however, 
there is alwftVS good evidence to show rhat Rome upheaval haR m 
fad produced the non conformity. 

One important feature about the strata which was fkst noted 
by G. W. Smith in the early 19th century i& that each stratum 
contains its own characteristic fossils which are not always found 
in Other strata. This discovery in fact formed the basis of 
palaeontology. Some types of organisms seem to have been in 
existence throughout the whole of geologic time or nearly so 
since the first appearance of fossils from die Cambrian Period 
onwards; others were in existence neat the beginning hut have 
since died Out; Others again started relatively late and died out 
relatively early, while others yet again made only a fairly recent 
appearance in the rocks. 

There must be millions of individual fossil plants and animals 
which have been found and many of them axe preserved in 
museums* etc. Some parts of the stiatified rocks show few or no 
fossils and others show vety large number3, For example, apical 
ammonites OKdf itl different rocks in very large numbers; th.fi 
invertebrate ethmoid Micrmisr is abundant in the English Chalk 
Beds* While Broom 1 described tbeK-Stroo Fossil Beds of South 
Africa as covering an urea of about 100*000 square miles* almost 
every part of which showed the presence of fossils. He wrote: 
J Tht fosriliforous beds are of great thickness, fo some cases they 
must be 4,000 to j,ooo feet thick'* in ntheis perhaps only a,000 
feet. It would be 1 very conservative estimate that would put the 
average thickness at 2,000 feet and at every few inches wc have 
another page of the book, and another senes of fossils to be 
tfivealed. I thus estimate that in the whole Karroo formation 
there are preserved the fossil remains of at least 8.00,000 million 
animals. 1 But up to 1532 Only T*iOu skulls had been collected 
belonging to about jjo species. Broom considered that ftboui t 
million fossils wtte just waiting to be picked up. Such an exceed¬ 
ingly fossilifenous formation, of course, JS rarely found, hut yet it 
Shows that there may be many more fossils to be found in different 
parts of the world than WC arc sometimes led to bfilieve. 

1 i$ja, p* jisS* 
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The numbers of genera and higher gtoups of animals found a.s 
fossils varies greatly throughout the atiaca, For example, tnc 
nombec of geneta of molluscs, which have the largest nufliher of 
gcncca of anr animfd group, Started ill the Cambrian Period and 
quickly expanded from then to about the Permian Period when 
the number of genera bid decreased, only to expand again to a 
greater extent in the CtetaceOuS Period and they have persisted up 
to iflodctn times. The BtjCJZoa, which have left a good, iossi 
rceord, first Speared in the Ordovician Period in large numbers 
of genera which gradually decreased in number until by the time 
of the Ttiassic and Jurassic Periods fberc were only vety few of 
them left, and then relatively quickly they increased to gicatct 
numbers than ever before up CO the Tertiary Era. The number of 
genetu nf these animals now seems to he depressing. I he V6fB 
grates, which are the last animal group CO appear in the fossil 
record, hsve had several similar phases of expansion and retraction 
as regards the number of genera. J- Brough 1 gave a summary of 
the numbers of families of many animals throughout chcii 
geological history up to the present day, and wft gfcw a few of his 
examples. Among echjnodermE there sre 111 families of which 
fifty-one first appeared in the Lower Palaeozoic, twensy-tWO in the 
Upper Palaeozoic, twenty-eight in the Mesozoic and five in the 
Tertiary Eras. Only twenty-nine families exist at the present time. 
In the Mollusca ninety-eight families appeared in the Palaeozoic, 
100 in the Mesozoic and two in the Tertiary Eras. Facts of this 
kind led Brough to consider that evoludon in the past^ was 
different in some wav to evolution at present. It was probably a 
much quicker process thatl it is today. He envisaged an early 
period when the phyla first formed and then late I there were 
periods when classes "and orders, etc., came into existence and the 
evolutionary process in general slowed down, 

One of the outstanding features of the fossil record, is the im¬ 
pression which a general survey of it as a whole gives. T-i-S 
feature indeed was realized from the early days of palaeontology 
and it is an impression of orderly increase from simplicity to 
to cupidity in the bodily Structure of the organisms nccurring as 
fossils. In general, there has been a more or less steady increase in 
The numbers Of kinds of animals and plants from the earliest to the 
Latest geological strata, and accompanying this increase in kind 
1 *«*■ 
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there has been, an increase in the dbvciSltJ r of form. Technically 
this feature of the fossils is known as a progression from homo¬ 
geneity to heterogeneity. The animals and plants in thi roekx 
seem gradually to develop mote and mole specialized features. 
Among animals, invertebrates become simple TCKshnitea and the 
higher animals appear ia the order fishes, amphibia, reptiles, 
mammals, birds and man; wflilt^ among plants, aquatic algal 
plants appear first and land plants later In the order fungi, 
Fteridophyta, Bivophyta, flowering plants. Among animals this 
order h also an order of progression from simplicity to com¬ 
plexity, but among plants the Of dec of appearance of the fossils is 
not so clear, and does not in fact agree with the order from sim¬ 
plicity to complexity. It is worth while discussing this important 
point in more detail. 

On morphological and ontogenetic grounds plants, excluding 
the Fungi, ate generally arranged in an order starting from the 
simplest to the most highly developed, Le., from algae to liver¬ 
worts, mosses, Psilophytales, horsetails, lycopods, ferns, conifers, 
inonocotyled-or.s and dicotyledons. In the rocks, the algae appear 
first and are present throughout ah the Periods, chen the Psilophy- 
taleS, which am land plants, appealed next in the Silurian Period 
with a possibility that they existed much earlier, Then horsetails, 
lycopods and ferns appeared, to he Followed by liverworts; next 
CMufeia, monocotyledons smd dicotyledons make their appear¬ 
ance, while the mosses appeared last of all. According to this 
order the time of appearance of liverworts and mosses is 
anomalous, because they ftte the simplest of ail the archegoniate 
plants (i.e., bryophyKs,pteridophytes and gymnospemia), and they 
should occur before the horsetails and perhaps tv£tt before the 
Fsilophytsles. In fact the- origin of liverworts and mosses is 
clouded in obscurity, although it has been Suggested chat they arc a 
later derivation by reduction from some higher group Of plants 
because they r possess stomata which are so characteristic of higher 
plants. But the derivation of the flryophyta from a higher group 
would involve a very fundamental change in the relative im¬ 
portance of the two generations which are found in the life 
history of these plants. As Scott 1 said: 'The absence of any 
geological evidence, however, makes the Question of the origin of 
hryophytes an almost hopeless one/ 
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Nwetthel™, iiccpt for the btyophytes. the general impiession 
W the Fossils b that foe remaining phott appear in die onfcrjn 
which we expect them to do SO if evolution has occurred. ne 
aberrant bryophytea are a Stumbling block in this respect, butjudg- 
merit Shout them may be legitimately Suspended because they ate, 
on the whole, very delicate and small plwua «hid! perhaps do not 
e«0y fossilize. Among organisms which have hard paics ana 
fossilize relative Lv easily h the food record does not show one ex¬ 
ample of a type of organism out of place In the evolutionary s«J* 

In the PfotfiTCBWC Petiod immediately before the Qmbmn 
some fossils in the form of algal-like impressions, worm-casts or 
imprints Of felly-fish have been found. The great age and depth 
of'these rocks renders it difficult to identify the fossils with much 
degree of certainty. Some of these older algal impressions wore 
described by EL B, Young 1 and they furnish strong evidence tll&t 
living things wire in existence in Pre-Cambrian times. Even in 
BOtne of the oldest South. African Archaean rocks A_ M. Macgregoi 2 
described the presence of supposed algal fossils and A- Holmes 11 
reported that the latest determinations of the age of the Bub- 
wnyan System to which these rocks belonged was at least i£oa 
million years. This means, SIS Holmes stated' 'that life has existed 
for at Least a,6eo m.y, and probably for canal drably longer than 
j.ytso imy. 1 

Still, the complete absence of fossils of animals with hard parts 
in the Pre-Cambrian rocks is puzzling, unless indeed they were all 
soft-badied and not suitable for fossilisation, The absence of 
fossils in the Protetwoic, however, means that the early evolution 
of living things canOOE be known with certainty, palaeonto¬ 
logists and biologists normally consider the Cambrian fossils 
represent the descendants of those organisms living W. the 
Proterozoic, The Proterozoic Era lasted for many millions of 
yeatS, As already mentioned, undoubted fossils Sire first found in 
the Cambrian rocks which esUCCtd over a period of about ten 
million years. All of the fossils were aquatic. The first plants were 
algae, or seaweeds, particularly those with a calcareous outside 
layer, while all che animals at that time were invertebrates spread 
over all of the most important phyla, such as sponges, jelly-fishes, 
sea cucumbers, starfishes, lampabclis, molluscs and crustaceans, 
and also some worms. Thus, of tile gteat divisions of the animal 
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kingdom si] were formed in the Cambrian Peti-ad except the 
Veitehiati, and these first appealed in the next, Of Ordovician 
period, in the form of pieces of bone called oSLracodcrmg, One 
very noticeable and important fact regarding evolution among 
these earliest fossils is that all the phylft Appear in the rocks 
formed, i.e-, possessing ttie complete bodily plan of construction 
typical of their phfllim. For example, the earliest Crustacea are 
undoubtedly CfuSEaoca, the earliest molluscs are undoubtedly 
molluscs and so on. In fact, at the first Appearance in the rocks of 
any rneml^c of the plant and animal phyla, they were just as 
clearly and distinctly separated from each other as they are today, 
Tn other words, the phyla appeared 'suddenly* as it were, giving 
among thfiit fossils oo indications of their origins from other phyk. 

According to the theory of evolution these phyla should have 
evolved one from the other in art increasing Scheme of com¬ 
plexity and diversity. They should grade into one another at 
least to a much greater degree than they do ac present. Thete 
should be fossils which coonect the phyla unmistakably, hut none 
baye been found in the early rocks, Even 30 the cage of the 
vertebrates which appeased last among animals there is no true 
connecting link with previous phyla, with the result that there is 
no unanimity of opinion regarding their origin, A S the anatomists 
Xeai and Rand 1 said: 'One of the many unsolved problems of 
biology is that of the ancestry of vertebrates/ These WOtketS in 
fact looked for the origin of the vertebrates from same of the 
earliest invertebrates and not from any of the existing types, 
except perhaps die prOCOiOa. 

The sudden appearance of all the phyla without any transitional 
forms is one of [he chief reasons rendering a complete theory of 
evolution from one or a few original ancestors up to all the 
present forms difficult CO hold an scientific grounds. The facts 
ate clear. It is EEUC that the known fossils of the early period ate 
only a small sample of the organisms which actually existed. And 
the l J tC-Cambrian and Cambrian Periods lasted for many mi Limns of 
years. But fossil samples within the family level downwards to 
species ate fairly representative and comprehensive. Thus it 
would seem, on statistical grounds alone, that some forms un¬ 
doubtedly connecting some of the phyla should have been found 
in the hundred years or so during which intensive search has been 
1 isip. 
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mate for fossils. Same evolutionists have tried hand to overcome 
this great difficulty, but many of tbeir arguments appear io be 
forced,. or to b=g J the question. For example, G. G. Simpson 1 
’Wiote tbit: 'As H.E-^DDd has remarked, die argument from 
absence of transitional types bails down to the sinking ift£t that 
such tvpes arc always Jacking unless they have been found, it ts 
true enough that argument from a negative does not give a sure 
foundation for a constructive theory, but the onus of proof o± a 
theory lies with its upholders who must take account of 

negative and positive facts available. 

Many explanations of the absence of connecting series between 
phyla have been given, but in general they seem to be based on 
what is called the 'imperfection of the fossil records aod on an 
argument that assumes all of these connecting links must have 
been sofbbodicd and unsuitable for fossilization in the Prt- 
Cflmblkn Era where they could legidmately be expected to OOTuf. 
The argument from the imperfection of the. record is one which 
leads nowhere and gives no useful conclusion- Tl.e palaeonto¬ 
logist can always say that connecting links may be found in the 
future. Rue ibis argument is based on the assumption that the 
record IF actually imperfect. It is true that it is imperfect in. the 
sense drat only an infinitesimally small fraction of all the in¬ 
dividual organisms which have evtt lived have been found as 
fossils, but this docs not necessarily mean that representative 
samples uf types of organisms have not been found. In point of 
fact several millions of fossils have been found and these include a 
large proportion of known genera and m&flV extinct OT 1 C 5 . A 
statistical analysis of known fossils: on the basts of tbeir type is 
badly needed. Some few attempts it such an analysis have been 
made, Dewat 3 gave some counts of genera of fossils which had 
been found up to 194 1 . Among mammals he found, that where the 
namber of living genera ill a family is very small (?, J|) one hundred 
per tent of them have been found as fossjk. But where the number 
of living genera in a family is not small the percentage of them 
found as fossils varies, but is on the wboJe high and gene tally well 
over fifty per cent. Of all the genera of living land mammals in 
Europe, one hundred per cent leave been found ftS fossils; while 
foe Asia the figure is severity-two per cent, for Africa fifty-four 
per cent, fot North America ninery-four per cent, for South 
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America seventy-two pci cer.t and for Australia foity-sii per cent. 
Figures such as these, which are concerned only with animals 
which leave fossilized hard parts of their bodies, tell ns nothing 
about soft-bodied creatines, bat at least diey do suggest that the 
fossil record may not be as imperfect as it is commonly supposed 
to be. Such figures are very usefo] when considering the evolution 
of the higher animals among which large gaps also Occur, The 
results of Dewar's analysis emphasize chat it is always the critical 
connecting links between groups which iarely seem to fogsilije, 
or which lived in regions now inaccessible to modern investi¬ 
gators. 1 In spite of the enormous numbers of what ate called the 
LmmmftHike reptiles Ctf the Karroo formation. Broom was really 
unable fo say which forms may ha VC beesl the possible ancestors 
of the vertebrates. 

The argument that the connecting links may have been aoft- 
bedied undoubtedly has some bearing on the problem, but agam 
It is negative, and, neither affirms nor denies evolution. But, as 
the eacly phyla seem to appear ^Suddenly' in the rocks always as 
fully formed members of their particular phylum, some links 
should have appeared in the earlier Pre-Cambrian rocks many a: 
which were suitable for fossils. One may reasonably conclude 
that thd* is no absolute proof from palaeontology of connections 
between the phyla and either (a.) that the connecting links have 
not been found because the re were never any to find {which [s un¬ 
likely), or (b) that for some unknown reason, or reasons, con¬ 
ditions were not favourable to fossiliHtion over many millions of 
years, but that on a general view a hypothesis of evolution of the 
phyla may be Stated As a working principle awaiting a more rigid 
proof from palaeontology, 

b. Jldaptivs rsdiaiian! 

A significant feature of palaeontology is that, excluding the 
phyla, as we proceed to study the fossils from classes to orders, 
families and genera, the general partem of evolution becomes 
more and mote evident And decipherable in spite of gaps, and 
moreover, in respect of these lower categories., the evidence of 
resemblance from palaeontology may be united with foe evidence 

3 A tiacRt sxcsljer.t ietJev on thsse topics hts apptand since :h±se pt^t? wr-.f 
written; s<e Siui[nofi (Tjpfo), whleh glrc-a a parekl utw to tome cf tt* daubt- 
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ftoen comparative anatomy and morphology, mating the demon¬ 
stration of true rebdonship more certain. Witilin the genus and. 
family some very excellent evolutionary series of fossils have 
been found, and later on we will give one Ot two examplesof 
these in some detail, At present, on the assumption that evolution 
has occurred, all we wish to do is to indicate some general trends 
and patterns which palaeontologists have found by studying 
fossil members of classes and sub-classes- There ate no absolutely 
complete fossil series within a class in which the orders, families 
and genera arc connected piece by piece as it were, but the general 
trends ate often quite clear. The vertebrate classes provide the 
best examples because vertebrate animals possess a bard skeleton 
and many of their fossil forms have been fonnd- A general survey 
shows that, starting with the most primitive ones, great outbursts 
of evolution occurred within a class producing forms which 
diverged from a common Stock and which were probably 
peculiarly adapted to particular environments. Such outbursts are 
spoken of a;, adapts# rtdiittiats. 

Tht term adaptive radiation was first used by H. F. Osbort) 1 to 
express the history of animals in a genera! way. The vertebrates 
may be taken as an example. Since tfccit first appearance the 
various groups of these animals harve each in turn increased in 
numbers and variety, probably due to favourable environments, 
which were then exploited to tht full, and^ at the same time, the 
dominant group split up into many types o£ families and genera 
Simultaneously organisms developed which were to produce later 
radiations as the environment changed in the course of millions of 
years. Thus it becomes possible rp speak of the age of inverte¬ 
brates, of fishes, of amphibians, of reptiles, Of of mammals ending 
with the age of mao. An important point to notice is that these 
radiations of the various groups occurred in the OJtdcr jost given 
which is also the order in which on morphological grounds we 
would expect them to have evolved. The order of their succession 
in the rocks is, broadly speaking* the same as the Older of their 
increase in complexity !0 form and Structure. Osborn and 
subsequent writers emphasized that the key word in the phrase 
'adaptive radiation 5 is the word ^apSws. The adaptations are 
generally progressive and enable the organisms concerned to 
spread into Other environments, thus increasing their range and 
3 l>9=S- 
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possibilities for change. The evolution of ad forms ifl Such 
radiations ia looked upon as the respond. of the organisms to their 
surroundings, and this is supported by the evidence. As these 
changed and favourable types were enabled to branch out. they in 
thill turn became dominant. The evolving organisms show A 
response to the environment in severs! ways; for example, all the 
major characters of the organism may change* or the change may 
only affect certain parts of the animal^ body* iUCh as bones which 
become altered in didenrr.t proportions. Sometimes thfi changes 
seem to be gradual ones, at Other dmes they seem to appea r more 
or le&S suddenly. Gshorn 1 considered that he had discovered l 
new principle of biomechanical evolution which hi called 
iirh-tegmaijf tltrough a Study of adaptive rad rations in fossil series. 

Aristogeuesri depends on changes in the germ-plasm of 
organisms, and it is a type of ‘creative* evolution. Adaptive 
radiations arc expressed in two chief ways by means ofaliomettOalS 
and aristogenes. TV former express an independent, or pani¬ 
culate, adaptive radiation which is seen in tbs modification of 
existing organs in animals. Examples of ai-ometric changes ate 
seen in many fossil and living animals as changes of the pro. 
portionarc sjzc of limb hones, tusks, heads, etc. An increase of 
one part of an Organism may be correlated with a corresponding 
decrease in another part which revealed something of the habils of 
the animals concerned- Such changes are brought about by 
physical and living environments, habits and predispositions of 
the animals. Thus in general aHometric changes do not follow My 
set path or trend. On the other hand, uutogenes are adaptive 
characters which arise directly from die germ-plasm and begin 
new evolutionary trends. Examples are seen in the evolution of 
teeth of various mammals. In some fossil series new elements (OE 
production of new aristogenes}* such a new conical dement on a 
grinding tooth, can he seen to have arisen spontaneously. For; 
example, the- grinding tooth of the mastodon, Motritbirinm 
AnJna>si, found in the Eocene Period, started with seven conical 
elements (nr aristngencs) i in the Oligoceoe Period P&iowid Qj&tmi 
had ten conical elements; while in the Lower Miocene Trilaphodiii 
C0 optfi had twenty and the Upper Miocene Ytifoplfod&n maiT&giatbtts 
possessed thirty-seven elements- 1 Thus, in the period from 

1 Various pepesv, :nj: a.and fc., ijjjj, 193.4; sr-d kc Forberjpll, ipji.ps. 174-1R0. 
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Eocene to Miocene thirty OCT atistOgeneS had arisen in the 
grinding K£th of these mastodons, 

C_ Ortkogpwsu 

Qshom's idea of sristogeoesis is essentially orthogenOtifi fttld 
this brings ns to the second pattern of evolution said to he 
revealed by palaeontology. G- L. Jepseni pointed out^ the: the 
word 'orthogenesis 1 was first uSfrd as a biological term by Haikfi 
In 1 a ^3. But befotc then the principle behind all of the ortho 
genetic theories was formulated in a purely intellectual theory by 
Carl von Nagdi in lS&4- Nageli considered that evolution con¬ 
sisted of a progression towards structural perfection brought 
about b}' indefinable internal uigeS and co-eds tent with this 
Striving there was also a striving towards perfection of adaptation. 
Koisdundty, 2 who was also an otchogeneiidst, expressed this 
view as follows- 'In otdei to explain the origin of higher types 
ont of lower it is necessary to assume a special tendency towards 
progress in the organism. 1 It is commonly stated that ortho- 
genesis is a theory which atteacts many palaeontologists* and it JS 
true that these scientists have described many orthogenetic secies 
of fossil forms. G, L. JepSeH, 3 however, pointed out that ortho¬ 
genesis as * theory has probably been accepted more by biologists 
Than by palaeontologists, but, as a descriptive term for phylo¬ 
genetic attayS of fossils, more by palaeontologists than by biolo¬ 
gists. Thus the word has been used in different senses by different 
scientists. For a good account of its various meanings the reader 
may be referred to Jcpscn above. 

In Ordinary use in biology and palaeontology the term refers to 
straight-line evolution- A type of organism evolves through the 
ages by means of changes which follow what stems CO be a pre¬ 
destined pattern, much like the pattern of a catpfct which becomes 
evident as it uiliollj. Generally speaking, all advocators of 
orthogenesis as a theory of evolution imply that it shows the 
operation of law, and SO the theory has been held to stand in 
opposition to Darwinism which was Supposed to ahow r the 
operation of'pu re chance 1 . The factual evidence for orthogenesis 
is furnished by evolutionaty series shown in some families, as, for 
example, io the fossil records of the horses, cutnels, elephants^ the 
titanothetes, the ammonites and SO on. In earliec days Darwinism 
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was often held +0 1>C unable to explain the determinate d-ev-elcp- 
mcnt of evolutionary series of organisms along what seemed to be 
fixed lines which were not SliwiyS adaptive, or to explain due 
incipient stages of incipient organs before they had reached the 
useful Stage, or to explain the over-development of certain organs 
at parts of animals, such as flic very elaborate plumage of some 
binds. Or the huge siie of some Of the prehistoric reptiles. 
Orthogenesis, or evolution along predetermined lines, could give 
an explanation of such difficulties as these. An account of some 
Otdioger.ctic series will be given later. 

■The modern position seems to be chit orthogenesis, as a theory 
of evolutionary causation* is gradually being abandoned, in favour 
of selection, because, from the biologist?* point of view, ortho¬ 
genesis has teleological implications which be is not prepared to 
accept, and ljecamse it lias been erroneously supposed (hat 
orthogenesis runs counter to selection. Whether there is an 
internal urge. Or a directed process at work, Or not, it is obvious 
that if m-ajoc changes in an organism art not adaptive it will not 
live. Adaptation in. this sense is merely another name for life. In 
t ci ] j L. Plate introduced the term orfb<?ttU(tiaR which also gives an 
explanation of some orthogenetic series in animals, By ortho- 
selection is meant that if an adaptive trend exists selection will 
lead to improved adaptation providing the environment remains 
relatively stable and the trend continues. As F omet 1 wrote: 'Under 
such conditions any deviation from the ‘'normal line” would be 
negative as to survival value, and would tend to be eliminated: 
the potential branches of the “tree” would tend CO be pruned by 
selection before they became marked enough to become apparent 
in the fossil record. 1 

There does not seem to be 9ny direct evident* for ortho- 
selectlon, but the conception is a very useful one and in fact J, S. 
Huxley 2 wondered why it had not came Intel more general use. 
Nevertheless, the idea of orthoselectiOn presupposes the existence 
of a trend in an evolutionary series, and so this still needs an 
explanation short of the assumption of the effects of a eceks of 
unidirectional and progressive mutations spread over many 
milli on* of years. 

1 i?4^p. rc'T. 1 Jfl+ii p. I«. 
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(]., J-^ amphs ojJojtil ?ddini''Vi)-T nnc-l 

In palaeontology it a often much more- difficult to trace the 
evolution of individual species than to trace the probable fine 
of evolution of larger groups. D.M, S, Wltsonl dismissed tlUS 
matter and pointed Out chat the reason for it is the small number 
of differences between closely related specks and che smallness of 
rhe actual variations themselves, while among ,argcr groups such 
Ht families, some common larger characteristicsof the organisms 
tend to be persistent while numerous Other smaller characteristics 
change as evolution proceeds. The process in order to establish 
sin evolutionary series thus becomes easier ifi huger groups if 
plenty of material is available. As WatSOtl wrote ; 1 

It will be appreciated that the doubts presented by KWt [of fusils] 
purporting to show specific changes of character arise from the fact 
chat the pieces? oFsdecdon of the materials which compos the series 
neceassni>- depends ort small qualities, and generally on very few of 
Euchr Tf we can avoid these diffieuldei by dealing with groups which 
at the particular horizons concerned are shaeply marked off from aLi 
other?, and use the whole of the available material, we are in a much 
stronger position. Thus It is possible to consider the relatively Large 
atmtcural changes which ate common eo all members of a relatively 
large group, a family or sub-family, over a prolonged period by 
making use of everytiung whenever It nvsy he found, in a continent 
or over the world, as the basis of mu stties. 

In these wOlds Watson outlined the working method of the 
palaeontologist who seeks to build up an evolutionary sain. 
What the palaeontologist really does with the fossils is to use 
them in order 10 build up a dassiffcation in a similar way to the 
syitematist who constructs a classification of living forms. 1(5 
both cases the classification is based upon similarity of fonn 
and structure among che organisms classified. Given enough 
specimens neither the systematise nor the palaeontologist has 
any great difficulty in grouping together members of, say, the 
Comporitae among living plants, or the Equidae among fossil and 
living animals. Both the palaeontologist and the systematise 
taddy assume that their classifications show, or indicate the 
closeness ar otherwise of genetic relationships and the lines of 
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descent among the organisms they classify, i.e., they attempt to 
make their classifications natural and to show the trend of 
evolution o£ the organisms concerned. It is open to anyone, to 
doubt (he reliability of die evolutionary inference which is made 
from the scries which have been established in this way, but then 
the similarity of Structure between the organisms concerned 
would require some other explanation. Beyond assuming special 
creation of different forms of creatures US they ale, no ocher 
explanation has been put forward, or indeed swan possible. 
Generally speaking, it is dear that resemblances between member? 
of species will be closer than resemblances between members of 
genera and closer between genera than between fnmiUe* > and SO 
on. The result of this fact is that related genera are farther apart in 
a genetic sense than related species, families than genera, orders 
chan families, etc. And while it is rruc that in practice it is easier to 
build up a family series Of evolutionary relationships compared 
with a species relationship, when we go above the family as a unit 
of classification the divergences between organisms become very 
much greater and the point is leached when on fossil evidence 
alone the connections between higher groups is suggestive only 
and not proved. It ia at this point (hat interpretation of the fossil 
evidence may vary among different palaeontologists. Also, Otic's 
reaction to suggestive evidence of this hind will vary according to 
whether one is convinced that the whole picture of the history of 
oiganisms is an evolutionary one or not. Thus D. Dewar may 
legitimately argue that because the fo&sd record does nor show an 
unmistakable scries of forms connecting order with order, class 
with class, etc., then the conclusion is that these categories have 
not evolved One from the other. But such people tend to over¬ 
look the other lines of evidence of evolution which together with 
the evidence from palaeontology unmistakably point to the 
existence of an evolutionary process in nature which is heing 
slowly but Surely worked Out in gteater and greater detail. For an 
excellent discussion on these lines, pro ti ctnfra the two views, the 
reader may be refereed to Ir HiWiulsm Prvpudf, a debate by 
D- Dewar and H. S. Shelton, Palaeontology is the only method 
which the naturalist possesses of discovering the connections 
between extinct forms of organisms and in attempting to do so he 
uses the well-tried morphological criteria which due -anatomist and 
morphologist have used so well on living forms and the validity 
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oJ: which is exped met) tally demonstrated in some cases by 
genetics. 

By way 01 illustration we may now give a few examples □: trends 
and radiations as seen among the fossils- 1 

c. Evo/ntm fl/MJcastet 

Boe onr first example we wild give an account of a beautiful 
scries in which species evolution may be traced. In 1S99 A. W- 
Rowe worked out the evolutionary history and, species dis¬ 
tribution of the members of the genus Mmattr from s geological 
zonal point of View. It is well known that individual Specie* Lend 
to die out and be replaced by other species fif a similar kind. If 
these changing species occur JD successive geological beds., or 
strata, then, providing sufficient numbers of specimens have been 
examined, an evolutionary series IS presented. Rowe collected 
two thousand sp&cknens of Aittnuft? from different and accurately 
determined tosics in the English Chalk Beds, The English (and 
Continental) Chalk Beds are very uniform formations consisting 
of nearly pore chalk, This chalk was origin-ally formed an the 
muddy bottom of a fairly deep s=a floor. Minuter was a sea- 
urchin which lived on, and in, this Cretaceous mud add its fossil 
remains ai£ fotuld abundantly in the chalk but in different con¬ 
centrations at diJlcient levels. It is in fact one of the commonest 
fossils of the Chalk Beds. 

Mitraritr 1* now extinct and it is a genus of the ckss Echmoidea, 
or sea-urchins. All of these ccblnoids were characterized fey their 
body which was enclosed in a shell o£ toft made up of many 
calcareous plates connected together. The sca-mchin which is SO- 
commonly found on onr sea-shores is a good example, The sea- 
urchins posseis characteristic structures called dt/ibuhifrai vtsstis 
consisting of a series of tubes which fill whh water and expand, 
thus projecting out through holes SO the test. They serve as 
respiratory organs and as ‘feet 1 for moving about. 

The species of the genus Mkrasto? possess a heart-shaped and 

1 lists art aun y exampJES ui thsfifS tiiJldt, tic.-in various tEsfrborika, but tbs 
refedu my br i-d'crred to K, A., Zrtteft, 19] 5; H_ W- ^biDCTi 3 -JJJ1 H- H. ■S.W^tincrmn J 
i ? it: H. t. Os'mrr., 1913; ft. 5 . Lull. I9UJ A. S. Romsr igjj;T. Ei, Wsctoil, ISSiJ 
G. G. SirerbotHi. lyjS-. foi animali, and mrplmntB tej D. H. Scott^rjio: J. VaJtan, 
A, C, SiTvanl, 195: ; C. A. Arnold, t«7- For miiciseu trf ±ie fbldl HCOFd 
■the raidct rimy g4 fsfttffd «Q Dewar, 195.3. 5933, Ct£,, laid DtWtt and II. 5 . EjiElnar;, 
I 94 T- 
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bilateTfd test as shown in Figure > 5 . They had five ambulacra! 
.zones which are described as bebtg petaloid, or wide, and when 
looked at from the ventral surface they radiated out from, a centre 
like the radii of SI circle. The anterior ambulacrum differed from 
the others in being pkced itl a distinct groove. The inter- 
amhulacrai zones were very heavily Ornamented and worked 
which renders recognition easy. 1 

Rowe collected Ills specimens From as wide an atea as possible 
S,r)d he was able to show that only a tew s-peaes were actually 
involved in the Chalk Beds, but that many varieties dialed. In 
spite of the presence of these varieties Rowe found chat the 



Ft£. £. Upper HU&EC ijf Ml w tif ►fc'ffir- 
JHltHH. (Ajftfi NichnlEDa and Lvddektr, 
i-tSp.) 

characters of the test full into wed-marked groupings in the 
different zones in which the sea-urchins were found. These 
character groupings were so distinct and definite that tht zone 
could be determined by the presence of any one grouping 
provided sufficient numbers were examined. The genua Mteraster 
was very prolific and plastic, which meant that examination of 
large numbers of samples had to be mule before their relation¬ 
ships and evolution became evident. Discussing the delimitation 
of species from varieties Rowe said; 

To arrive at any true appreciation of their value, both as to the 
vabdkyof their daim to specific distinction and as to their usefulness 
1 Nicb&butf and [.y&klKi, p. Vn!. t. 
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it zonal guides, one must examine the fauies of die mentis Jn ca£ h 
Horizon and then one cannot fail to be impressed by the fact that 
passage-forma ate [he rate and that shatply-dsf-ned and typical species 
are the exception. It is the horizon, and nit the species, winch rules 
the issue' die species are but culminating points of certsHfl dominant 
korizonal ddEKtU 1 

In a zoological sense this means that the important zoological 
features ace picked out in cite species sis shown by the test, while 
minor variations, 01 ( the passage-forms*, show the connections 
between the species. Rowe concentrated on seventeen major 
features of the test, such a % shape, size, mouth, ambulacra, etc.^ 
and was able to show that from the lowest s-.one to the highest 
there was an unbroken continuity in the evolution of the test of 
Mkrasttr. Starting from the lowest zone and going up to the 
highest w>ne the test became progressively more elaborated by 
addition of new special features- The transition between all 
forms of MiCfit tier was perfect and applied not only to the general 
features of the test hut also to its minutest details, 

Altogether in this evolutionary SCtJCS only four species, or 
groups comprising all the group varieties, were involved. The 
first group is Mkriisttr cor-barir which is practically the only one in 
the hist Or lowest zone of the chalk r M- rtir-&Wti extended into the 
second zone and d ied nut- The second group is M. ijr^e; which, 
began in the lewestzone, but only One Or two Scattered Specimens 
of it were found; it extended to (he second aonc and then died ouL 
The thi rd gmup i s that of M _ ^r^rjvrjar winch appeared in the 
second zone, passed through the third zone to the- lower part of 
the uppermost, ot fourth, zone. The fou rth group is that ofAf. for- 
aMgitittiiis m/ftertm which was found in the fourth zone. The 
varieties, or passage-forms, in these groups indicated the sequence 
of drags necessary before one group became transformed into 
another one. An overall picture of the four zones to the chalk 
beds taken together is that they zee divisible into a low Zone 
duiacterhcd by Af. ar-bivu and an upper high zonal region 
characterized by M. cor-aagpitist/m mtefortWl- M. Ltt/fffJ and M. 
pTaittors&r with theil varieties occur in between. After the 
oceufrcncc of M. wr-m&timtH in the Cretaceous Period the genus 
died out its the English Chalk, hut it persisted 3 li other Con¬ 
tinental regions right up to the Eocene Period. 

1 tips, p. AST. 
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A peculiar feature about the evolution of tbs micraEters k that 
the sum total of changes k not really great considering they took 
place over a period of about slaty-fire million years. The 
evolution of the miccasrers was thus extremely slow. The 
changes that took place to not seem to have been of any particular 
adaptive value; the conditions under which they all Uved must 
have been fairly uniform and unfortunately their evolution tells ns 
nothing about the cause of the changes that took place in them 
ovet the years, Why should, for example, M. pr 4 f£iir£<?r hive 
taken the place of M . fW-fcat is ? Perhaps the scale or such a series 
as this is too small to give the answer. 

f, fj-vAfev or adapt!os rddiafioa sfpsht-s 

We may now briefly examine the evolution of the earliest fishes 
and fish-like forms which are, of course, the earliest vertebrates. 
The earliest undoubted vertebrates arc the o.-jtracodcrti!)3 (or 
armoured ashes) and these appear in the Silurian rocks of about 
j 50 million years ago. Many complete fossils of these forms have 
been found; they liad a typical fifh-bl-te body, a tail and a back¬ 
bone. They possessed a really complex internal and external 
structure as Stensio 1 showed. Because of their complexity it is 
generally immcd that they must have been in existence much 
earlier, and indeed some pieces of bone called Asirnspis and 

'ptjshins have been identified by W. L. Bryant 2 from an 
Ordovician Formation. Other fossils ate abundant .in the Cam¬ 
brian and the question, arises, why have not more primitive fossil 
Ikhes been found in the rocks of this period? One explanation is 
that given by Romer and Grove 1 and Romer,' 1 and other palaccm- 
togists, on the basis that the esrhest vetteb rates must have been 
fiesh-water forms and hence their fossil remains, except for odd 
ones washed down to the Sea* would not be found in rocks laid 
down chiefly in the sea 01 in estuaries. Other palaeontologists, 
however, such as Gross, 1 E. I. White 15 and J. D. Robertson 7 have 
adduced evidence indicating that the earliest forms of chess 
animals were marine. 

Older textbooks of palaeontology accepted the derivation of 
fishes from the lampreys and hags, Le.j ktm the Cyclostomaca 
which were, considered to be the most primitive vertebrates 
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because they did not possess jaws, had cartilage instead of bone 
and bad no paired fins. ’I'lhuc- cyclosfomes are eel-like in appe&tance 
and, IS itl higher vertebEaJKS, as cartilage develops fiist in the 
embryos before bone Ji Said down, it WdS reasonable for the earlier 
workers to consider chat the presence of cartilage was a primitive 
feature. The sharks and raya farm an old group called the 
Chondcichtij.yes with living representatives. They are purely 
cartilaginous, hence primitive, but they possess jaws. The Chtm- 
dtiehtbyes were, considered to be derived from the cyclostomes 
and from them later arose those forms with many modem re¬ 
presentatives which possets both hone and jaws; these aic the 
Ostdchthycs- At that time, however, many Palaeosok: fishes were 
known which did not fall into this scheme, but derailed studies of 
them had not then been carded out. In 79a 7 Stenaio published a 
monograph on some of these little-known PalaeOiOic fishes which 
set the pace for future work and led to i reappraisal of the 
evolution of the fishes when it became realised that bone was not 
ncccasarilv an advanced development following On from the 
pri mitive cartilage. Readers who wish to pursue the evolution of 
fishes in greater derail may be refected to excellent accounts by 
Rooter, 1 S w inner ton, J VG'estoll^ and several essays in Westell ^ 
only afi outline win be given here. 

Fish and fish-like creatines, extinct and living, are most simply 
divided info two major gronpsr (a) the Agnatba, or jawless 
vertebrates and (b) the Gnathostomata, or movable jaw-mOUtbed 
vertebrates, which, of coutse, also includes all forms hlgltfll than, 
the fishes such as amphibia, reptiles, etc. 

As already mentioned the oldest undoubted vertebrate fossils 
are tbe G s era to derm i. In one oidet of these, the Osteostruci, the 
members were stroll, generally pnly a few inches to a font long, 
Several types of them axe known and they were all well armoured, 
In Crpkatatfiis, for example, 9 Stiff solid bony shield covered the 
head region, while die rest of die bod J wag protected by plates and 
scales. In side view the animal had a fish-like shape, and when 
looked at from the dorsal side it possessed a very characteristic 
shape due to tbe presence of the head shfeldr The eyes were 
situated ciose together on the dorsal parr of the head, and the gillf 
were underneath on the ventral side. Dorsal and ventral fins were 
piescnt. Ctpbdtaspij lay on the bottom of tbe sea with the eyes 
1 E 194^- 3 19451- * *91^ 
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directed upwards. The mouth was jawlesj, being melely a slit 
and them was a single nostril opening situated above and 
between the two dorsally-placed eyes. The head itself was also 
bony. The OEclet Aoaspida, including such forms as Bir.kmia, 
was contemporaneous with the cephalaspids and was similar to 
them hut iaEtiei more advanced. The body of JSrhuiia, for 
example, was covered with an armour, the individual scales of 



J. Pdfliilivt risii. A — Cipbalarpix, t Jisti Eilur.i.a :n:l □A%eir.is.a Ostricri- 
iftim, sidt view; £ - Ctpbaintpii t ddfcsal view i C - JiVA/nn*. ad a^SJpiii ficcd (Sit 
SftMtisJi IJtt Sriuriad D — tine □Ebexor tacnni Paraspis. (A add C after S.WK*, 
l?jj; B after Swinrirtnoo, 19*9 and D »fter R*tdn , 1 

which were arranged jn neat rows along the body* while the head 
was enclosed in a very complicated arrangement of plates (Figure 
7). There was also a series of spines along the dorsal crest of the 
back. 

The forms mentioned above were very like the lampreys in 
general structure and even in such details as the presence of two 
Semi-tiecuiar canals in the eat, but their forms dillered greatly. 
The lampreys, however, do not possess hone,, and as they ate 
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parasitic or sc mi-para sit SC, on other fish, it is now sometimes 
consideccd that they are probably derived from ccphtvaspid-lihe 
forms and mot anccstra! to them. 

In another order of Ostfaeoderms, the HeterOStraci, the species 
cesembied OsteoSKAthi by possessing a fish dike body enclosed in 
armour pt-ates, but the head region was diiftcren:. In the Idetero- 
SCWd the head shield consisted of two large oVkl plates, foe ayes 
were placed one Otl each side of the bead, nod there was no dorsal 
nostril opening. Their were M> jaws, but movable plates in the 
jaw region may have been present which suggests that the food of 
the animal may have been ground tip to sortie extent, as in 
Ptratpit (sec Figure 7}. 

The os era cod Wens flourished in the SiLurbil and Devonian 
Periods, and they died out at the end of the latter Period- They 
are completely estinct now tscept frit the agoatbous lampreys and 
hags ro which they (ire probably Eclated, They do DOE seem to 
throw much light on the earlier evolutionary history of the 
vertebrates. Romet 1 pointed Out that they show 00 oonoectiens 
with the annelids Of arachnids, although the presence of a gill 
System suggests their connection to Lower Chorda te types Such as 
Atftphiaxiii (or the tnnicates). ’Wlule the. ostracodernis died out, 
the Gnathostomstra, on the ocher band,forged ahead and produced 
Several geou]?s in the succeeding geological, periods. 

The first group of j awed fishes is the FlacodeimL These were 
also heavily armoured Like the ogt mc o der hvs. Tine armour, how¬ 
ever, was present in two sections connected by joints; one section 
covered the gill region, and the other the lowei part of the body. 
Bony jaws were present; the eyes were placed laterally on the 
normal fish-shaped body, and fins were present. The jaws were 
rathrr peculiar, and it seems likely that the Upper part of the head 
moved while the Wet jaw remained stationary during feeding, 
These fishes were first found in the Late Silurian Period, and then 
they quickly increased in form and in number to become the 
domjnanc types, in the Devonian Period. But after that they 
declined rapidly and died out in the Permian Period- The 
plaCoderms varied greatly in size from about a foot long (Csf- 
to about thirty feet long (Dinsrktbjs). Bone was present in 
them but their systematic position Lias oot yet Ijeeo settled, They 
may have been related to the oStracodcrms but they had jaws, 
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Romct 5 considered they may belong to an extinct side branch of 
primitive gnathostome stuck KUw represented by the sharks. 
During the Devonian Period several other true fish groups 
arose which them Hel ves split up into lesser divisions, As they 
advanced evolutionary changes took, pkee in ail parts of ihe body 
ultimately producing the present-day forms we know as sharks and 
rays (Eusekchn), the lungfish (Dipnoi) and the 'Ordinary 1 fish 
(Hoiostci and Telo&tei), There is no need to describe them in 
detail but the glOUps themselves may be mentioned. 

The Choodrichthyes are the cartilaginous fishes known tD UR 
now as the sharks and rays, although the older mere primitive 
ones po&se&sed buile as well as scaly armour, like the ostraeodemiSr 
But these creatures were typical fish with movable jaws, fins, etc. 
This claas is divided into tire Sdachii, the Brftdyodonti, the 
Eusrlachii ar.d the I lolotepbali. The first two orders originally 
appeared in the Devonian Period and were abundant in the 
Carboniferous Period. The 3cLadi.it then gradually dwindled ufltd 
they died out in the Jurassic Period, while the Bradyodonti were 
extinct by the end of the Permian Period. Of the other two oidcii, 
the Eusckdui were related to the Selachii and they first appeared 
in the Jurassic Period and extend up to tlie present day. The 
Holocephali may be related to the Braoycdonti, and they are first 
found in Triassicfocks also extending up to the. present day. 

The majority of present-day fishes, such as herrings, ttQUt, etc., 
belong to the class known as Osseichthyes. The common 
characteristic of this class is the presence Of bone in the internal 
skeleton and In the scales and pSates which cover the body 
externally. One of the chief features of the earlier ones was that 
they possessed lungs as Weil as gills. Only the lungfish today 
possess lungs, and in the remaining fish the lungs have been 
transformed into the air-bkdder. The Oatdchthyes are usually 
subdivided into two sub-classes, first the Crossopterygii, or tassel- 
finned figh, and secondly, the Actinopterygii, or ray-finned fish. 
The Crossopterygu comprise the orders OsKolcpitlod, ifl which 
the fins were rather like small paddles ringed with soft rays, the 
CocEacanthini and the Dipnoi. They first appeared in the 
Devonian Period, expanded rapidly into die Carboniferous and 
then gradually became extinct untd at the present day only three 
genera of lungfish (Dipnoi) survive. Up to a few years ago it was 
1 41 - 
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sJso thought that die caelac&nths had been extinct fM some fifty 
million years until It) j a when some fishermen caught a peculiar 
fish in the sea off South .Africa. Mbs M._ Courtenay-Latimer, 
Curator of the East London Maflfum, was informed and she in 
tarn sent fot J, L B. Smith. The latter identified and described the 
fish ftS 3 - coelacanth (se* Plate 4}. The discovery of this ancient 
type of fish makes very interesting and dramatic reading and the 
story is well told by J- L. B, Smith, 1 The Actir.ooterygiL began 
with the PaLaecmiscOidea in the Early Devonian Period- They 
TS'Cte predaceous, and were common aha in the Carhonsierous 
seas, but they died out at the beginning of the Cretaceous Period. 
The Chondrostd were a small offshoot of the Pikeoms coidea 
which began in the Jurassic Petlod, They possessed a nearly 
completely cartilaginous internal skeleton ind a bony external 
skeleton. They survive at the present day as che sturgeons. As 
tlie pabeonisdds began to decline two groups arose which were 
to dominate the Mesozoic, Tertiary and Recent seas. These are 
the Holostei and the Tdostei which now form the vast majority 
■of living fishes. The tcleost fish represent the acme of develop¬ 
ment of the fish type which began with the primitive Critfwodeims 
as revealed hy the fossil record. 

One interesting feature of chc evolution of fish is shown in there 
body form which has always keen -adapted to che mode of life 01 
the fiib concerned. The normal fish body is shaped like a spindle 
flattened on each side. Such a shape is adapted for free move¬ 
ments in water. Another common shape, of course, is that of the 
flat-fish with its eyes on the hack of its head and which lies on the 
bottom of the sea or river, Fish which float idly in the water tend 
to be Laterally compressed while fish which move very quickly in 
the water tend to become long and pointed. These types have 
hem described and illustrated l>y Swinnarton* and they ate shown 
jj) Figure ft. The interesting feature is that these various 
adaptationai forms are represented irt aU geological Eras. 

Fishes, then, which represent the earliest true vertebrates, 
portray a wonderful series as they have appeared in the rocks- 
The series shows the process of evolution veiy plainly arid at the 
same time the radiation of the various classes is also plainly 
discernible. First the most primitive group, the ostracodfiEms, 
appeared and radiated our in terms of numbers hut not varying 
1 1956 3 
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much in form and then they dice out. Similarly the placoder-ma, 
an advance on the previous type, developed quickly in both 
numbers and forms and then also tiled out At the same time the 
major radiation of the whole group began when the majority of 
■classes and Orders appeared and dominated the Carboniferous 
seas, Some of choc survived to the present day, bur most fotms 
became extinct and gave rise Co another radiat'on in the Mesozoic 



jSif. 3, DiUjlflSm jhQ®iug ftjwcdrun of J&c uik idapratiom] form* in JtsKex 
beSwiginff CD diffititcit geo-L-u^ica!! Bcrbudfc- ciltpatu.' A - HHJFttaBGd 

fish, B - dcufj-boditi fish, C - norma] liujxd uih, D- 6:arecsEd fixh. Vtrfi=at 
i&uitam: Tcitiijy, ftEcnjzinic and frfacVKiic EaVfc 1 - £fW foil?)] i- PMlhn; 
j. — Lrtt-H'Upf't | 4 - COfifapiiit (angbij Jiih); j - Atyitkrig/xbpi- i - 
1 - rjBii i ri'n ii,. S - J'jMTV'nwr; $. - Bdmffyulvt ; [a - P!atyiahttu\ it - Pa!<stsnistiti- r 
La - CrptKrUtpk. £Frt)m STrinrasurci, 

Era from which most of our present fish ate directly descended, 
While the main classes of fish remained distinct from the time of 
thde first appearance itl the cocks, they still showed many 
features of morphology' which point to their evolution from 
common sources in esidier geological times, hut of which no 
remains have been found- A diagram of the radiations and dis¬ 
tribution in time of the fishes, adapted from Swiflflexton , 1 is 
shown in Figure j. 

The Ampliihi-a and all later vertebrates, including mammals, 
are thought to have evolved from ccosSoptctygian fish such as the 
1 





EVOLUTIOK AN 15 CHRISTIANS 


Rhipidista. The oldest ordeo of Amphibia were stegocephsdian, 
i.e., they possessed a skull vbth a continuous bony covering. The 
oldest specimens of Amphibia found consist of a few hones from 
the Upper Devonian Strata of Greenland. These ate called 
Ifktltyortcfpi and hipiitfiUtgn, and they WCM obviously ’rt'oll 
developed forms. As they were bony,, ii is unlikely that they 



COuld have originated from the cartilaginous fishes, v&’hich indeed 
at that time were only just themselves beginning to appear as fiat 
as the fossil record indicates. Thus only the Osteolepidoti, Of 
Rhipidista, ate left as possible forerunners of rhe Amphibia. 
Among the Rhipidista, the head bones of Ositakpir or Exitctn- 
opiiros. t seem do resemble the bones of the early Amphibia in 
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some ways (see Figure io). These Rhipidista possessed fins and 
the Amphibia possess pentadsctyl limbs, but theft is little 
evidence showing any intermediate stage? between a fin ar.d an 
amphibian limb. There ate, ni course, many other diner-cnces 
between fishes and Amphibia (see also G. R, de Beet). 1 

g. Oibtr radiations and trstsdz 

The evolution of fishes furnishes a good example of a large- 
scale evolutionary series within a class, showing radiation rather 
than giving a derailed picture of step-by-step evolution. Within 
the class some good examples of smaller and more detailed serial 
changes are to be found, as, for jnscsnc£, in tht Dipnoi, 2 but the 
group as a whole shows well the broader changes that have taken 
place and it illustrates the point which Watson- 1 made that, given 
the material, the larger groups furnish good evidence of 
evolutionaty trends. There are, of course, seven! ocher examples 
of this kind which we need only mention, such as the radiations 
among the reptiles which again is Spread Over many millions of 
years from before the Permian Period to the present time. Among 
these radiations many sub-groups, such as the dinosaurs, chose 
huge prehistoric beasts, and their like, evolved and became 
extinct- As G. G, Simpson* expressed it: 

In the midst of all this radiation of the class ReptilLa, the basic 
reptilian type came to he relatively rare and eiceptional, Indeed, it 
nowhere survived in quite its original form. The expression of the 
Reptiha was riot dnen simply a matter of the increasing abundance cf 
one general type of animal. It Involved, rather, the development of 
many and strikingly different types from an ancestry that had 
reacbttl a new grade of orgacusatiort. Some of these types converged 
towards, competed with, and occasionally quite replaced other 
animals that had earlier developed in radiation from more ancient 
grades of organization. 

The great class of Mammalia, the mammals, also furnishes a 
striking example of large-scale radiations which we are in the 
midst of at the present day when it is usually considered that 
human beings, the peak, of evolution of the Primates, introduce 
A new factor into evolution by being capable of controlling the, 
direction of evolution. We will, however, he deating with the 
special case of che evolution of man, in a later chapter, 
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Another kind of evolutionary series, which Arc ako minor 
radiations and Often take place at the family level, ace those secies 
often spoken of te$ .showing orthogenesis., or scraight-]ine 
evolution. Whether or not evolution in such a Series is con¬ 
trolled bv some 'inner urge', or by Ordioseleetion, need not 
<lctain US now (we have Already mcnl toned this point)i the face is 
that such series either show true orthogenesis or simulate it, 
although it is now known that urthogenetic aeries are not 
necessarily Straight-line in cbe sense that no bianching-ofl" from 
the main line of evolution of the stork can take place. It seems 
that such orfhogenecic series may break up into several lesser 
orthogenetic series. The important point for US is to note that 
series of this kind present very strong evidence for the occurrence 
Of evolution. More or less continuous series of fossil types 
enable us to visualise evolution as a consistent process. 

There are many camples Ot this type of evolution and we may 
mention the following: the Nassida^, a family of dog-whelks, the 
Cypracidae, a family of Cowrie-sheik, the Linviaeidw,, a family Q f 
snai.s, the Halkoridire, a family of the Sireoia, the Anemia, a 
family Of bivalves and the Nuculidae, another family of bivalves. 
For a further Account of these series die reader may be referred to 
A, M. Davies' and also to D. Dewar 3 who oonsidrred that evolution 
has not been proved in these eases. Other, perhaps more familiar, 
cyamples are seen in the evolution of the horse, elephant, camel, 
rhinoceros, etc. For a general aorount of these rases the reader 
may be referred to Swinnertou , 3 Qsbom^ and Watson . 5 ^Fr may 
here briefly consider the evolution of the horge family, or Buuidae. 

The evolution of the members Of this family' is well known and 
it presents one of the best CJfamples which the pfllfleOntoLngkt 
possesses. There is a great literature on die subject and wt need 
mention only W- D- Matthew,* who was the great aud’.ority cm the 
Subject, and a most interesting account of modem and extinct 
horses given by G.G. Simpson 7 where further references may also 
be found- 

The story of the horse goes back to the beginning of the Eocene 
Period about seventy million years ago. It began with a small 
crcatcte, about the size of a large dog, called Exhippiis (or, more 
correctly, HyrdwtMrix #), although there were different Species 
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which varied a good deal in SC8S- At first it wfls thought that the 
hotf^ fossils indeed gave true trample of Straight-li ne evolution 
In the Strict sense, starting with a primitive form and ending with 
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iispwr, the modern horsj;. But further Study, and mote numerous 
fossil midi* have shown instead that the extinct fossil horses com¬ 
prise several sub-famijies and numerous genera (see Figure n}. 
But they have all prohably arisen from EdippM and throughout 
their Song history they have changed in varioua directions CO 
give the numerous genera. The direct ancestors of the horse, as 
we know :t today comprise, firstly, Edripptfr in the lower Eocene 
Period, secondly, Ordippstr, and then in the late Hoccnc period, 
IzpikippHs. In the next Ollgoccni Period Mtsdrippta and Midi pun 
made tbetr appearance. These were followed, by ParoAippia and 
Mitytbippsu in the Miocene Perind and finally by pik'.bippus in the 
Pliocene Period, All these became eatinct and were succeeded by 
Eqswi in the Pliocene and Pleistocene Periods and this, of course, 
extends up to the preseot day, 

In the e a fly peri od, probably ever, before Eabip pus ha d develops d, 
the original hotse stock branched off into the Ftilafatbtrtt or other 
types of ungulates. In the Miocene Period there were several 
branches, or radintiorts, leading to A.n;hiibtTum; and to Hypchippur^ 
while the Eqsats line went on to Porabipptit and M&yebipptts in the 
Miocene when again several hiamhes amsc of which the chief one 
besides that leading to Eqssus was Hippariws. During tills lung 
period of evolution, the original types of Edupptts,. which were 
relatively small, fast-moving creatures with four toes on each front 
and three on each back leg, changed in a large variety of wavs. 
The number of toes became reduced to three with the weight of 
the body resting on the middle one, and further reduced to one, 
although some horses retained three toes, and so the familiar 
horse's hoof gradually developed. The bones of the legs also 
increased in overall lengths and io proporricnaS lengths. Very 
characteristic and detailed slow changes also- occurred in the teeth 
from the small leetli otEahippus, which was a browsing animal, to 
the very large teeth of the modern horse, which are used for 
grinding food because the horse is a grazing animal. The skull 
and brain also showed a similar Story of increase in size and com¬ 
plexity. Some of these changes are shown in Figures i a and i j. 

It is not known where the horse family first Slutted geo¬ 
graphically, but there- is some evidence to .show that North 
America was the original borne of the family, and it spread from 
there, ptohahly r in several waves or invasions, to South America 
and also to the Old Wotld, via the land connection which once 
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connected Alaska to Asia. The number nf genera and types of 
horses arid the number of rbeir fossils indicates char the family 
must have been very numerous doting the course of their 
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cvoJvtlon- At the present time three ate nn]y about six distinct 
species of Ffifirts, nanaely, true horses, SehraE, asses and onagers. 
There are, of course, several varieties of each of these. The 
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reason for the decline irt ftumbets of genera and Species of these 
animate is not known, 

We have now given an outline account of the evidence of 
evolution in the pulaeontoJ.OgLea 1 record, The outstanding fact 
about tills record lies in ita consistency. There me owiy 
cyolutonacy scries of the gene tat type which, we have indicated 
in the preceding pages. These ali point to and indicate an 
evolution within the family. There have been several large* 
radiations in accrual scries involving whole classes. Again, this 
indicates an evolution, but the matter here Assumes a more 
speculative aspect because the jump from family to family within a 
class nt order is larger than the jump from genus to genus within 
a family. Iu some cases them aic reasonable indications of a 
possible line of descent from one famiiy to- another, but in other 
cases the relationship is shrouded ill doubt, Very keen pro¬ 
tagonists of evolution, chose who have tnade up their minds about 
tt beforehand, often tend to disdain such difficulties and breaks iu 
the records, while, on the other hand, very keen anti-evolutionists, 
who have Likewise made up their minds about the matter before¬ 
hand, tend to enlarge on them far too much as though the 
difficulties of evolutionary theory in this regard WCtC really fatal 
to foe theory. W. H. Thompson 1 wag right to maintain that the 
discovery of intermediates between groups (and the lack of the 
same) does not nectcsarUf commit us to any view about the origin of 
tptfttty hut this attitude is mote correct when individual characters 
of organisms ate considered. It is this question of the origin of 
species which necessarily remains the central problem of Any well- 
balanced and methodologically correct theory of evolution, in 
spite of the fact that some evolutionary writers nowadays try to 
deny it. if, bowcvei, numbers of characters of the intermediate 
type are compared with numbers of characters in the organisms 
which the intermediate is supposed to link, then a new situation 
arises. Evolutionists have found that examination of many 
animals, fossil and living, shows that the morphological and 
Anatomical features have often evolved by what Gr E~ de Beet 2 
called W-Wtffr sw/tf/terf. As D. M. S>. Nation 3 had earlier noUced this 
characteristic of cvohidonary development, de Beer proposed to 
call the phenomenon it represents Wats&n's Knit. Gy this term is 
mesut that in evolution the whole body of the organism has not 
^ Jpj.fi. * *w+,p. *Gj~ 
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evolved at CHICC, instead individual characters ah over the body 
have changed in their own way and in their Own time, lienee- in 
fully evolved types all of the characters would show their truly 
evolved condition distinct from those Of another fully evolved 
type, while in intermediates a minute of different kinds of 
characters would be shown. In other words, the intermediate 
would display a mosaic pattern of characters of different kinds, 
and depending on the extent nf the mosaic pattern, the inter¬ 
mediate- would be nearer to the original type or to the derived 
type. By means of this conception do Beet built up strong 
arguments for the evolution of Amphibia from fish, of reptile 
from Amphibia and of mammal from reptile. Nevertheless, the 
fact remains that ail assumed transitional forms have always been 
controverted and agreement is not absolute. Thus, the scientific 
attitude would seem to be in some ways an unfashionable- one of 
accepting the facts 55 they ate and not proceeding beyond them 
unless WC clearly indicate the nature and the bounds of our 
speculations. 

It is hardly doubted nowadays that the celebrated Ardteteplftyx 
(see Figure 14} is an intermediate type connecting the birds with 
the reptiles, but there are doubters and we may close this section 
by giving some information about it. It is well known that this 
bird-like organism possessed some reptilian featuresfor example, 
its skeleton is said to recall a reptilian form in many respects, 
Arcbmypteryx possessed a jaw with teeth like those ift some 
reptiles, It liad a vertebral tail. On the other hand, it also possessed 
many undoubted bind features such as the presence of true and 
complicated feathers. Attkat&pttijx and another form resembling 
it called Arebarvrflij were both found in Jurassic rocks. Romsr 1 
said: “Arebdiopteyse and Asfbsi'arnir were already definitely birds 
bur were still very close to the arehosauiian reptiles id moat of 
their Structures and it is obvious that they were descended from 
that group/ On the other hand, D. Dewar 1 took exception to this 
claim and pointed out that any creature possessing feathers :s an 
undoubted bird, and he assented that many of the features of 
Art&&$pfttyx winch are s-oid to be reptilian ate not in fact SO. He 
considered chat the skull is undoubtedly Avian, that die absence of 
saddle-shaped articulations to the vertebrae is not necessarily a 
reptilian feature because some modern birds do not possess these 
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articulations; and that the absence of pneumatic bones in 
ArsbstQpttryx does not mean that it is eclated, to reptiles because 
pneumatic bones h in any case f sre not confined to birds as a dasS 
for some reptiles pnsSe-ss them and some modem birds Jack tberOi 
and se> on. Agflin h while ArshaMptefy# la aaid to be SO bird-hke 
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and so reptile-like, there is no agreement concerning the group of 
reptiles from which it arose . 1 

A recent re-exanunation c f this creaturei using ultra-violet 
illumination, was made bv de Beet- 1 Under this light a number of 
new characters were discovered enabling a re-assessment of the 
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bird to be- made. Thus de Beer fount! the following definitely 
neptdian fearuEcs; simple brain with a small cerebellum, long tail 
of septate vertebrae, simply articulation of vertebrae, short 
sacrum, free mctacarpels, free metatarsal, simple ribs and gastralia 
in the body walk ’While the true avian character? were as follows: 
feather}, arrangement of feathers, fused clavicles, pubes of the 
pelvic girdle directed backwards and the Opposable hallux (big 
toe). In conjunction with de Beer's idea of mosaic evolution 
these now findings answer most o£ Dewar's objections, ds de 
Beeri wrote: It [Arcbasopl&yx] is a mosaic in which same 
characters are perfectly reptilian and others no less perfectly avian. 
In its evolution from its reptilian ancestors, therefore, the 
modifications which it has undergone have affected some 
structures to produce their complete transformatkin while other 
structures have not yet been affected at all. 3 ArcAasapttrfx is thus 
a perfect example of Watson's KuLe, and Otic could hardly wish for 
a better example of an animal linking two large groups together 
On the whole, rhe important individual characters of Arthaeppttiyyr 
art either b:rd-likc or rcptilc-like, hut they ace not intermediate, 
although the creature itself as a whole may be said to he infer- 
mediate. 

2. EVIDENCE FROM GEOGRAPHICAL DISTRIBUTION 

The changes in animals and plants as they occur in successive 
strata of the rocks give us a picture of their distribution in time; 
and we have seen that the pattern of this rime distribution is 
evolutionary. The spread of animals and plants throughout the 
world, in past and present epochs, chat is, their geographical 
distribution, also gives evidence of their evolution, otherwise the 
pattern of distribotion remains ItifiKphcahle. The principle 
behind this type of evidence is simole, that, on the whole, due to 
norma: reproductive- mechanisms we expect to find like Organisms 
grouped together geographies Uy. 

SortlO animals and plants are scattered all over the world, hut 
many ace found only in chtumScribed regions. For example, 
Ur/ica nhvi-fl, the common stinging nettle, ocean in all the 
Northern Temperate Regions; ft fs ubiquitous. On. the other 
hand, giraffes arc found only in Africa. Climate, soil and Other 
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factors of die environment obviously play a P EIt bi the dis- 
triborifln of plants sad animals, but still there are, many facts of 
distribution which cannot be explained solely by these ecological 
factors- Some organisms can overcome a If or nearly all, barriers 
and thus have a very wide distribution. Others, however, en¬ 
counter various obstructions to their Spread and thus these have a 
roore confined, Ot smaller, distribution- Given the existence of 
barriers and reproduction, many of the problems of geographical 
distribution can be solved if it is assumed that evolution has 
occurred- Thus this type of evidence for evolution is indirect and 
assumes first what it wants to prove; ncveEthelcss rt is very 
convincing. 

Thc evidence itself is cumulative and consists for the most part 
of a very large number of geographical faces, which, however, fall 
into only a few types. Geographical distribution connects to 
geology DH she one hand and to geographical differentiation, or 
spedation, on the other. Geographical differentiation is due in 
large part to isolation and Will 'be dealt with later under that 
heading. Full descriptions of geographical distribution have been 
given elsewhere, many of them by the older Darwinians , 1 to 
whom the reader is referred for further derail- Because of the 
similarity of the examples used it is MCBSMy for us Kj give here 
only a few types of them to illustrate this line of evidence. 

Very little evidence of evolution from geographical d istdbudon 
is to be found among widely-ranging Species such as mail and! 
many birds, except in a restricted sense. The evidence from 
geographical distribution is best seen among those species, which 
have aicouoiered highly effective barriers preventing their Spread 
Over a large geographical area. Thus oceanic and continental 
islands and Other geographical regions which were once con¬ 
tiguous with mainlands, or larger land masses, give numberless 
examples.. In all these cases seas or mountains have formed im¬ 
passable barriers to many species which have not then extended 
their distribution, -Or if they have spread 1 little initially, char¬ 
acteristic changes in them have resulted. 

Oceanic islands, such as the Azores, Bermudas, Galapagos and 
others, are all of wlciuUC origin sod are isolated by deep seas and 
great distances from their nearest mainlands,. In such islands^ 
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which presumably have never been conneered to Any great land 
masses, the flora and fauna are USuaElv very peculiar tg them. For 
the most part the species on the islands ate not exactly represented 
on the mainland., and vict versa. For example, when St. Helena 
was first discovered there WtiS a complete absence of native 
■mammals, land birds, reptiles and fresh-water fish. The isolation 
of the island prevented any of these ani inals reach! ag it- On the 
other hand it seems that beetles were carried to It on pieces of 
floating wood, and so the island! contains about l^o Species of 
beetles. But most of these belong to genera which are peculiar to 
the island and do not occur on the mainland. In other words 
those carried to the island have evolved along their own lines 
different from those on the mainland. 

Cbftiles Darwin first Studied the fauna of the Galapagos Liiands 
and he found that the animals inhabiting it were peculiar in many 
respects. The birds-* in particular, showed unmistakable shnilarities 
to diOSC on the nearest American mainland from which they could 
possibly have down, but yet their distinctions were dear. Similarly, 
the Cape Verde Islands possess bird? peculiar tp them, but StMl 
showing unnuS thimble relationship to those of the nearest part of 
the African continent. Again, the fauna of the East Indies near 
MaJaya show their own peculiarities, but they are all (dared 60 the 
species of the mainland. However, Celebes is the most isolated of 
dtese islands* separated from all the others by very deep seas, and 
there the most peculiar types are found, in some cases with no 
representatives on the mainland, or the neatest other islands. 
There are numberless similar examples of this type, and all find 
their explanation if we assume chat those organisms which have 
reached these remote islands from the roahrdand have heeo able to 
evolve independently of continental influences and m have pro¬ 
duced theil own characteristic and peculiar kinds but stall Iwarlng 
the imprint of their more or less remote origin. On the other 
hind, if barriers to the spread of Certain Species have been too 
great then these species have been prevented from teaching the 
islands. Thus tlic pieseoce and the absence of species on oceanic 
islands finds an explanation On an evolutionary basis. 

The best examples of continental islands ate probably 
Madagascar and New Zealand. These are considered to have been 
connected to the nearest mainlands in vety remote times. This 
being so, we would expect the species common o both before rii* 
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connections broke to diverge along the id own Lines after toe break 
occurred. Indeed the fauna df Madagascar is very different from 
that of Mostamhique, the nearest mainland, Although separated 
long ago Madagascar possesses many u: its own forma of mam¬ 
mals, birds and repiiks and many of these are very ancient And 
primitive. On the other hand* New Zealand possessed only about 
two mammals—a bat and a fat which were possibly in trodneed by 
man. It is considered that New Zealand was separated very early 
from the iben mainland mass before the mammals had been 
formed evolutionaiily, and this fact, which is geologically sup¬ 
ported, gives the explanation of the lack of higher animals which 
are native to New Zealand. ’When this country was cut off, birds 
arid reptiles had started U> evolve and there are plenty of these 
present] but many of them are of peculiar types and some of them, 
such as the kiwi, or wingless bird, are fonnd nowhere else except 
in New Zealand. 

Plants also pfovide examples of this Idrtd. In Australia and New 
Zealand, for instance, the flora is highly characteristic. In these 
large islands there is a very large variety of plants peculiar to 
them, but they belong to classes and orders represented on the 
mainland mass of South Asia. Again, kl the AltOICS,. most of the 
plant species are those which possess wind-blown seeds or fruits. 
These could originally have been blown there from Portugal 
which is 90c miles away. All, or nearly all, the plant species differ 
from those in Portugal and nearby places-* but they belong to 
families and genera there. Finally, there is no need to multiply 
examples of this kind which find theft best explanation in 
evolution. 
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Chapter V 

Modern Evolutionary Theory 

I. INTRODUCTION 

The continuity of Life 15 cite essential and outstanding &ct under¬ 
lying a)JL evolutionary theories. This may seem a. ttuism, but the 
fact is of relatively recent recognition. The theory of spontaneous 
generation was held From the earliest times add was only shown 
to Lie noc proved by Pasteur and Tyndall about 1860-70. The 
origin of litc, however, is s problem which does not concern the 
present organic evolutionist directly. He. takes life for granted* as 
be is entitled to do, and be considers the progress of living forms 
after their initial origin. No doubt* if he advocates a theory of 
general cosmological evolution, then die origin of life enters into 
his scheme* and he may rake up modern ideas which tend to 
resuscitate spontaneous generation in a mote exact form, but all 
Of these ideas are speculative and imaginative at the present time. 
The ideal is to connect animate with inanimate in a truly Sequential 
scheme, and if this could be done* :i won id Strengthen rite claims 
Of the organic evolutionist as to the veracity of his theory. There 
are ilO inherentdifficulties sdeniifie, philosophical or theological, 
in the idea of a oomplete cosmological evolution of all things otl 
the material phenomenological plane. Indeed, we may Say there is 
good a priori possibility of the unity of inorganic and organic 
nature. The Cosmos shouts forth its multitude of secondary 
Causes which are so dear and distinct as even to blind men to the 
exisrence of other causes. Hence* We take for granted that living 
things Site only produced by living tilings as Fat fts our experience 
goes, hut still reiLi^img (hat ultimately the origin of life CS a problem 
which may have to be dealt with by the evolutionist of the future. 
Those readers who wish to pursue the question of the origin of 
life further may consult Fothergill 1 where modern references are 
also given. 

It U this belief in the continuity of life by the evolutionist which 
1 'UJ8- 
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sets him Against the theory of Sptfia! Crtaliaauit, because- be can 
see oo reason, or evidence, for the sudden creation of cteftlutes 
Then all his experience seems to show him an. unmistakable pro¬ 
gression of living forms Ott the earth. To a certain extent be is 
able to connect living forms one to the other; tlO doubt there ale 
gaos in his schemes, but he considers he has reason to believe that, 
as his knowledge and his reehniques grow and improve, his 
scheme of evolution will become more and more complete, A 
mete comparison of the state of evolutionary theory in DifWifl s S 
day with its state at the present time gives point to this belief of tbe 
evolutionist in his ability finally to solve outstanding problem* of 
evolution, to his satisfaction at least. In a provocative book, 
bristling with controversial Statements, G, G, SimpsOn , 3 a famous 
evolutionist, referring to the modetri State of evolutionary theory, 
wrote; 'Within the realm of wbat is dearly know able, the main 
problem Emms to me and to many Other investigators CO be 
solved, but much still remains to be learned. Our knowledge of 
the material history of life is considerable, but it IS only a tithe of 
whac we should and can know.' Many people may probably 
consider this statement to be rather over-enthusiastic, but it does 
represent a common view among evolutionists. 

It ss necessary now to consider how this main problem has been 
'salved 3 , that is, we now give the modern genetic evidence for 
evolution- The subject is exceedingly vast, intricate and detailed; 
jncrely to give an outline of the subject would fill a large volume, 
as, for instance, J. S.Huldcy’s E wfatititt; 7 &r Modsm Sy»thuit t which 
ii reconuner-ded to the reader. Thus, of necessity, only SOTrtC of 
the mure general and impOItant aspects of the subject can be 
given here, but we hope that they will be sufficient to enable the 
ceadec to form a more QI less balanced judgment about evolution. 
Inevitably descriptions and accounts of the subject will be 
technical, involving terms and concepts perhaps unfamiliar to the 
general reader. To simplify the account given too much would 
merely stultify the object we have in view. For this reason some 
account of the haste ideas of genetics and Cytology must first he 
given. Another reason for dealing with these subjects is that 
evolution now deals with things at die gene level, and evert below 
it, and also, at the Other extreme, at the pOp'jlfltiou level which 
brings in specific genetieai problems. 
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Ic is perfectly clear that evolutionary changes could only occur 
through heredity. If parental characteristics, or changes, could 
not he transmitted through inheritance, there could he no 
evolution. The effective intermediaries between parents and off¬ 
spring are the or sex cclJs, It h nOw'ftimly established that 

heredity (or a large part of it) is brought, about by genes carried On 
the chromosomes—for OUf purpose we may ignore special cases 
of inheritance through the cytoplasm external to the ch rontosumes. 
Sexual reproduction, therefore, is the primary need in any 
evolving system of organisms (again, we may ignore ca&es which 
reproduce asexually). 1 As individual Organisms- transmit their 
characters to Succeeding generations, any factors which assist, or 
increase, reproductive capacity have a great effect oo evolutionary 
possibilities because then certain types of chromoscities and their 
contained genes are -spread more and mote through a populacion. 
Hence, a previous balance among hereditary units is Upset, and a 
new haiar.ee is created, unless of course an equilibrium of some 
kind is established. But such an equilibrium would suspend 
evolutionary change ftt; Le^t f UE a time. Hence it is through 
genetics and the chromosomes that we must look for the funda¬ 
mental evolutionary mechanism. That is why modern 
evolutionary theory is primarily generical and based on the 
behaviour of the gene in inbetitanee. 

In evolution we talk of the origin -of .species—-this was the title 
of Charles Darwin's hook, but it was really a misnomer- While all 
biologists would agree that the word ‘species' hfla a meaning or 
meanings aod that at least morphological species exist, few will 
venture to give a rigid definition. Of the word. We are aware that 
thece are H goocf species in nature—foi example, we can all tdl an 
Oak tree from a daisy—but differences are not always SO large, and 
SO we have some biologists who would conridcc one type 60 he a 
single speefes (lumpers) and others who would split it up into, 
say, a hundred or so separate species (splitters), As Hogben 2 saidi 
'Hence there is no one problem of the origin of spedcs. There ace 
many problems of the origins of species.' There may be systematic 

1 Wi VI not □ sterling here that seutl fftprcductlwi la the only mccknrjsm 
through, whieh cvaut.-aci ar hnceity oi j rittior. m be axoroplluhed. Oilier 
processes such tt piu*sxiji] rsoomhlnsdco ir. Jurgi (sr -usnfdiifltlOiS in r'nuwmvroiv 
Will jduy & pun in luwfir CrgAiSiaicii (SOS PceitEEJivu. :■?; ;.ij lr.it ve bo not need :n 
cnraider them here. 
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of morphological species, elementary specie, genetical species, 
physiological species and SO on, Li fact, each type of biologist 
may bave his own particular idoa of species to suit bis own 
particular requirements and hSflCC the word JS often qualified 
adjectivally, TSlii k the- reason why it is SO barren to argue about 
the meaning of species and to bemoan the confusion arising OVtC 
the use of the word, at ica&t in general, accounts of biology. Such 
arguments rarely produce good results. 

Hence, it is enough to say that nowadays in evolution find 
genetics the tendency is to regJIld the species as Apapvktiw of like 
individuals which are largely intertertik l and in line with this 
conception of species, the emphasis in evolutionary studies has, in 
some respects, moved fiom the study of 'species', in the Dai' 
winmi or Linnfl»n sense, to the Study of changes in populations. 
Individual members of a population ate chiefly important only in 
so far as they are effective breeding members of the population. 
Sreillc individuals have only a negative consequence in evolution, 
^except at the human level). They withhold their hereditary 
substance fiom possible participation io the 'gene pool 1 0-f the 
population. They cannot extit a change in the population, but 
they may limit the extent of a change. 

We mentioned the words ‘gene pool'. This may he used in 
several senses, two of which are a particular and a general sense, 
A particular gene pool would refer to the totality of the genes 
available for inhetitance in an individual, Oft It could even mean 
the totality of the genes in any one sexual organism which is 
actually participating in inheritance. The general gene pool could 
refet to rhe sum total of all the genes in ail thu individuals in a 
population of one type which are available in reproduction. 

In St pop ulation , then,in which free breeding is taking place,it IS 
easy to see that JO every generation particular gene pools are 
constantly being intermingled, shifted about and sorted out, and 
while the net number of genes in die general pool may remain the 
Simc, innumerable new combinations are being tried out all the 
time. New combinations Ort a dtemied interpretation of the 
gene imply new chemical reactions among the genes and hence 
Change in the population. We may say that at this level such 
changes id a population would represent the evolutionary process 
in essence in the accepted sense. But, while the possible cotfr 
binations of genes in quickly-changing gene pools are many, they 
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ant not infinite. Change can be introduced in another wav, and 
that is by gene mutation, in which a gene changes, not it^ relative 
position in the gene pool, but its very nature, A gene mutation is 
the production of something new, 

2, FACTORS OF EVOT-UTION 
V/e have already mentioned thac the tour most important factors 
of evolution ate rtccgfbtffoAm, nratBtim t vs&ftiim and imhttm j. To 
these, subsidiary factors (which ape really included in the primary 
ones) as, for instance, gene Sow, genetic drift and others, KUV be 
added. It is 0H£ purpose now to consider these in turn and to show 
how they act in evolution. We will consider them only in outline 
with sufficient detail to give some indication of their nature and 
value in evolution. 


■A^ R&mhiftativri 

a. Cytoisg}' 

Here we take the phenomenon of reco rub i nation in Its widest 
sense Involving any recombination of genetic, units in the cell. 
Before attempting to give an explanation of the phenomenon, we 
give an outline of the structure of toe cell and its behaviour in 
critical stages for genetic recombination. The phrase ^typical cell* 
is sometimes used in the literature, but this is a tetm of con¬ 
venience only. There is no such thing as a typical cell--there are 
many types of cells, some young, some mature, some old, some 
differentiated or modified in various ways to produce the many 
diiferent kinds of cells found id plants and animals. A body grows 
by increasing the number of its pates through division of its cells, 
at least ir, a multicellular organism, but in such organisms not all 
the cells in a body divide. Some ace so much differentiated that 
they ace unable to til vide any more, and indeed some cells in adult 
organisms may even be dead, as in certain cells in the wood of 
trees. The cells which do divide, however, arc generally young 
ind it is this type which WC may take for descriptive purposes. 

Such a cch is bounded on the outside by i. ceil wall which is 
permeable to liquids (some Cells have f»0 wall), and mside is a 
substance which may be collectively called protoplasm. The 
protoplasm is alive in the truest sense, and it is very heterogeneous, 
consisting for the moat part of two regions, These are the 
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cytoplasm and the nudeoplastn (nucleus). The cytoplasm is that 
part of the protoplasm which is outside the nuclenpSasm. It is 
semipermeable, that h, it will only absorb, ot take m, certain 
substances ir> solution and not Others. It is the pate where the 
mctaholic activities of the cell in general occur. The cytoplasm 
appears to be cleat, but contains granules of various kinds. These 
granules ate. generally referred tn collectively as microcosms; 
some arc exceedingly small; edicts ate larger and diJierently 
shaped called mitochondria md there ate other kinds. The 
nucleus is delimited from the cytoplasm by a nuclear membrane 
atwl contains nuclear sapi chromosomes, and one or more relatively 
large spherical bodies, or nucleoli. 

We may now describe cell division which was discovered by 
Virchow in 1 B 1 y. l’Ot a fall account the reader may be referred to 
Cl D. Darlington’B Rf seai JlriEascsj is Cyftfogt- In cell division the 
nucleus divides into two by a complicated and exact process 
called miosis, and then the remainder of the cell divides into two 
so that each pact contains one of the daughter nuclei. When not 
dividing the nucleus is often said CO be 'resting’, but. of course, it 
is not rcallv inactive; it is in fact actively metabolising ah the time, 
but during this resting stage it often appears to he fairly homo¬ 
geneous and dear. When a division, or mitosis, is about to take 
place the chromosomes make their appearance as long thin 
threads OT ibr$mmems!A which ate double in a longitudinal 
direction, chat is* they have already split into two identical 
daughter Wives in the preceding rearing stage.. These threads 
gradually thicken and shorten by coiling of the chromoncimta 
separately until what is normally called the chromosome becomes 
evident. At this Stage the two daughter halves of the chromo¬ 
some are generally referred to as fhromatiAi, The chromatid on 
this view is thus a later stage of the chtcunotiema. At this stage 
the double chromosomes come together in one plane and the 
chromatids are seen to be separate from each Other except At one 
definite point called the centromere, Suddenly the centromere 
splits into two with explosive force and then the daughter halves 
Of chromatids of each original chromosome separate and move 
away from each other so that two daughter nude! art produced 
each with the same number of daughter chromosomes as there 
were chromosomes in the parent nucleus. This process takes place 
in well-defined stages (called prophase, metaphase, anaphase and 
i jo 
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telophase) which wc Jo not need to -describe. Then these rwo 
daughter nuclei become separated by ft new cel] wall In planLs, or 
by a constriction process in animals, producing in hath cases tws 
new daughter ceils each identical ca the patient CeLi unless an 
accident has occurred. 

The process described above lias been given in the simplest 
terms, but some complications wiii be mentioned below. What is 
a chromosome? And the answer is that no one really knows, but 
wc do have certain knowledge about it, A chromosome is 
constant in shape atvd relative size, and the number of chromo¬ 
somes is normally constant in each Cell and in each species of 
organism. Each chromosome always teappesrs faithfully during 
cell division (excluding Accidents), There is a good deal of evidence 
to show that it is in fact the bister Of the hereditary units, or 
genes, which pass on inheritance front parent to offspring. The 
exact form of division outlined above ensures that each body cell 
hu a full complement of chromosomes containing all the genes. 

TEe presence of two and later four 1 longitudinal chlOrnone- 
mata was determined with the aid of the ordinary high-powered 
microscope, but modem methods utilising the election micro¬ 
scope have determined that there an? in fact many more such 
threads in chromosomes. For further i nfermatinn the reader may 
consult Kaufman (194$), Manton (1950) and Kaufman and 
McDonald (15)1 G) ? Multiple-stranded chromosomes were Stst 
demonstrated in the salivary giftnd chromosomes of Drasapbils 
and 01 her dies, l?uc these ate special cells in which division is 
considerably modified. Reoer.dy Kaufman and McDonald* have 
shown that there are sixty-four, or perhaps one hundred and 
twenty-eight, strands in site pro-pb&se chromo-somes of the plant 
Twdsnaniia. The discovery nf these strands raises many problems 
which will have to be considered in genetics and cytology regard¬ 
ing many fundamental cytogenetic phenomena, but these ate 
problems for the futnre. Here we proceed OP (he basis chat two 
or four strands. Or chromatids, are present in the chromosome. 
The chromosome behaves as a unit and a problem is to determine 
bow a multi-stsanded eh romosome can behave as a unit. The two- 
strand stage is typical of the division of the body or somatic cells, 
while the four-strand, stage is typical of the division which gives 
rise to the sex cells, i.e,* of mtioiu, 

1 Ncbd, jyja. * i-Sid. 

«* 



EVOLUTION AMU CHKX5TTAJJS 

Modern work is also beginning to show the composition of the 
chromosome Longitudinally, the chromosome under the action 
of certain stains oe dyes is seen to be made up of alternate areas of 
coloured stainable parts, the smbratRatin, and non-coSouted parts, 
the btitmbrmath, The heteroehcomatm varies in composition 
and stains differently with dyes, but the cuchromatin stains 
positively with a specific stain railed FeulgCfl^S reagent which thus 
acts as ft simple test for it. Euchtomai i n contains deoxyribonucleic 
add (abbreviated CO DMA) and the amount present in the 
chromosome can be enrcelated with, the number of chromosomes, 
During the resting stage. Apparently it, OE some of it, is diffused 
throughout the nucleus, but later It collects on to the chromosomes 
when division starts. Heteroehromatlil contains ribonucleic add 
(abbreviated to RNA). If chromosomes arc subjected to the 
action of the entymes dcoJtyrjbonucSease and ribonuclease, which 
break down or dissolve the DNA ftfld RNA respectively, a 
residue Ls left in the chromosome which consists of protein 
fibres , 1 These proteins arc chiefly protoanxines and histones 
which are characteristic of chiomosonsfcs. Specifically, the DNA 
in the chromosome is in the form of two long helically coiled 
intertwined chain? which ate 'oined together by hydrogen bonds. 
The joining is definitely determined by specific chemical bases SO 
that purine bases in the DNA molecule are handed to pyrimidine 
bases, guanine bases to cytosine and adenine bases to thymine , 2 

The DNA is often nowadays regarded as the actual genic or 
hereditary substance, and the evidence for this tests on cytological, 
genetic*) and chemical grounds. Much of the work on this 
problem has been done in studies on bacteria and virus (phage) 
particles. 3 ,A. E. Mirsky* eta/, when studying nuclei obtained 
from calf thymus found that the uptake of amino adds from a 
medium containing nuclei represented the synthesis of nuclear 
protein. Further, the buildup of amino acids into nuclear 
protein 55 controlled, to some extent, by the DNA present, 
because protein synthesis prscdcaSSy stops when DNA is removed 
ftOm the nuclei arid when restored the Uptake of amino acid .s 
resumed- This is an important finding if the DNA is considered 

1 Sire Kr-iibnar., (Jay, cud MdJrmild, 13.50, 103 l; Jid KouJcmr-, McDonaLt and 

Himi, 

3 Sis Wilkins, rl«!-, i£sj ; FriaikEin rad Ceiling, ufjj; Vi'iKinn and. Click, igjj. 
FuiLne, jivdmsdinc, etc., ire camples i-.ii mptiir/js. J:a|c t 
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SS the hereditary determinant, because it may then have socik 
direct effect on that protein which is part of the basic chromosome 
sttwCtme. The genes Jn the chromosome and the chromosomes 
jn the nucleus, ate considered to 9 ct On the cytopJum of the cell, 
controlling its metabolic activities as the need arises.. The 
cytoplasm also shows a certain amount of activity in inheritance, 
hat we do not need to considet this aspect. It is reasonable to 
hold, and in fact it is proved, that the CO-Operation of the nucleus 
and the cytoplasm in various chemical and physical activities 
results in all the metabolic and growth processes that ate known, 
chat is, in the libe activities of the cell and hence of the whole 
organism. This important function of the chromosomes was 
realized as early as 1301 when Boveri deduced from embtyological 
pdndples that ‘Noimsl development is dependent upon a 
particular combination of chromosomes; and this Can Only mean 
that the individual chromosomes must possess different qualities/ 
We may note that it is a fallacy to introduce the 'nothing but’ 
principle here and say that the cell and the organism is nothing 
hot the sum total of the chemical, etc,* activities going on in it. 
To prove this last point is a completely different matter, and it has 
never been done. We can see, however, how important it is fot 
eveiy living cell of a body to contain a full complement of the 
various determinants necessary for life’s activities, and the per¬ 
petuation of this necessity is ensured by somatic ceil divisi on. 1 

There is another very important type of nuclear division which 
takes place in all sexually reproducing Organisms, and this type is 
called Ttttiisif. In iBSj Weismann advanced his germ-plasm theory 
which became one of the landmarks in die study of heredity. The 
essence of die theory is that: (a) the body of the organism may be 
looked upon as two parts: first, the soma Ot body piopct, and 
second, the germ-pikStrt, Or reproductive part, which is distinct 
from the soma. Wedsmum went to extremes and separated these 
two parts, more or lest completely—which assertion even has its 
repercussions todiiy among those who say that the body cannot 
affect the germ-plasm- (b) It is the germ-plasm only which trans¬ 
mits the characters of the parents CO their progeny. 3 The SCX tshg 
ar? produced in this germ-plasm, and as in reproduttion a msl: sex 

1 Gcnd pi on ncuihts ftf ftttxkxn knuwjccljje oi chmnYonrvnc structurr aic given 
tr W, C. Owitnd ind A. R. Fckkk^e (1357) aod in the Stimuli (rmh 
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cell unjtc 5 with si female s«i cell, he,, when femlimtioc takes 
place, then the number of chromosomes in the product nr qpgplf, 
is doubled because each sex celt contributes Stn equal number of 
chromosomes. Obviously tills doubting process cSuinot go on 
indefinitely at each Eeitiliantion otherwise the number of chromo¬ 
somes would soon become asttonomical, bitt die immoec of 
chromosome* remains constant from generation to generation. 
For a priori reasons thete most be a compensating process to 
reduce the number of chromosomes, or to keep them constant. 
This process is called msiedf. Mid often it takes place during the 
formation of the gametes, although in many groups of organisms 
it takes place at Other stages in the life-history. 

Maoris is fundamentally different to mitosis, both in its method 
and in its results. An outline description, WjU now be given. 

In the mother cel! which is to undergo meiosls the chromo¬ 
somes fiist appear as long single strings, or threads, which seem 
to be made up Of hlobs, Ot duomorncres, connected by fine 
threads. InddentilLy^ this chromometC stricture of the chromo¬ 
somes is very well seen in the giant salivary gland chromosomes 
of some insects. These parts of the meiotic chromosomes 
correspond chemically to euchtocnariu and heterGChroniat i tl 
respectively. Almost 45 SOCHI as they appear these threads begin 
to pair up chtcmomere by bhromomere, SO that one chrotnomeie 
of one site and shape is paired with a corresponding chromomere 
of exactly the same siie and shape. The chromosome threads first 
make contact at these ends, or at their centromeres, oc ar both at 
the same time. The pairing process is continuous and it tuns 
along the threads like ft closing zip-fastener, Sometimes the pair¬ 
ing is complete and sometimes it Is only localized. Next, the 
paired, threads coil round each other. Jl has been proved chat, of 
the constituents of ft single pair, one of the chromosomes comes 
from the ultimate female parent, and the other from the ultimate 
male parent. 'J'has the chromosome* in each pair 4tC said to be 
homologous. lip to this Stage there has been an attraction 
between the homologous chromosomes, but suddenly the 
attraction gives way to a repulsion, and AS they tepel each, other, 
each chromosome is seen to be dtaobfr, that is, each chromosome 
has Split into two kmgitsjd’Oii] halves, or chromatids, so that now 
jo each association there are four daughter halves, Ct four 
uhromadds. The repulsion is not complete because the chromo- 
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semes remain in contact at certain points. These points are called 
fiijim/it. There lb evidence to show that an exchange of parts 
between the homologous chromatids takes place at the cfiissmata. 

The uncoiling process continues, the ddasmata often move to 
the ends, Ot become terminahzed, and ar the same rime the 
chromosomes shorten and, thicken until they reach their maximum 
contraction, hut they remain held together by the ehiasmata and 
the centromeres. The pairs of chromosomes then assemble in one 
plane and the centromeres begin to repel one another so diat in 
each case the complex of two cfarOraOsOmes each made up of two 
chromatids separate from each other, In this way two nuclei are 
produced in the cell, each containing half the original number of 
chromosomes. Later, or in some cases almost immediately, each 
of these nuclei undergoes an ordinary mitosis when the chro¬ 
matids now separate from each other. The process of melons 
thus consists first of a reductional division and then of an 
emotional one and the net result is that four nuclei ate produced 
each with half the original numlwr of chromosomes- c In the 
general case each of these nuclei, ot a near descendant of them, 
becomes a cell and ultimately ft gamete. Darlington defined 
mejnsis by its superficial phenomena as ’the occurrence of two 
divisions of the nucleus accompanied by one division of its 
chromosomes', 5 

The importance of meiosis is obvious., first in reducing the 
numbec cf chromosomes to the gametes and secondly by deter¬ 
mining the quality of the hereditary material in the gametes. We 
have said that the homologous chromosomes of each pair come 
from the ultimate parents, suid these chromosomes will be 
similar but tlOt’ completely alike because of exchanges at the 
qhjasmata. They will always differ in some respects and so let 
ns represent them by AA 1 , CC L , just to take three pahs.. 
With their daughter halves or chromatids these would then be 
represented by A A A 1 A 1 , CCOC 1 . When these separate 

A always separates from A 1 , B fromB 1 and C from C J h hut the 
separation between the pairs, as pairs, is at random, for example 
we may get! 

AA separadng from AhV 
BB separating from B L B 5 
CC separating from OC 3 in that order. 

1 SiEpjifs[ij7]. **557- 



EVOLUTION AND CHRISTIANS 

Or— J 

A A separating from A 1 A 1 

B L B 1 separating from BB 

CC separating from C'C L in that: Of (Set aod no on. 

When the optional division takes place it is easy to see that 
gametes containing the following may be produced—ABC, 
AB 1 C, ABIC 1 , ABC ] , A L BC, A^C, ABC ] and A^'O, Given 
ii Urge number of chromosomes. the possible combinations will 
rise quickly, and hence the quality of die gametes, that la, their 
genetic asHortinenE, will vary also. This random genetic assort¬ 
ment, based on the chromosomes as the bcaiecs of the genes, will 
he further Increased if exchanges occur between the chromosome 
pairs. Of it new genes arise. 

Mtiusis is. of course, subject to toflay complexities and irre¬ 
gularities according to the status of the organism in which it 
occurs. It is sufficient to mention here that in the ordinary plant 
or animal, for example, the association of two homologous 
chromosomes is called a hivakat which is the characteristic con¬ 
figuration in a diploid. But in trip Aids , 1 tetrapioids, pcntaploid*. 
etc. that is associations of three, four, five, Cfo-, chromosomes, 
there may he ditfeeent numbers of trntfJpt A. MKanxAnfr, pmts^aktitS t 
etc. While in Omtbsra (the Evening Primrose) all, M nearly all, 
the chrotr.ojomes ate joined in one huge association. Irre¬ 
gularities occur in polvploids 1 and even, more in Structural 
hybrids, because the association of chromosomes is not always 
complete and some may be Left out, occurring simply m unpaired 
tmiveUxtiy and sometimes much Sagging behind occurs when the 
chromosomes separate, and some tmy he lost ar.d thus not 
included in the daughter nuclei. To give a single example, 
Fothergill , 2 examining a wild hybrid population between Viala 
a rctiaploid with forty-eight chromosomes. and V „ tricaiar, a 
modified diploid with twenty-six chromosomes, found plants with 
chromosome numbers between twenty-six and fifty-three, while 
in meiosES many plants showed up to fifty per cent lagging 
chromosomes and associations varying from univalents Up to 
sexivalents. 

The mechanics of both mitosis and meioris is thus fairly com¬ 
plex, but CWO forces are- dearly at work—attraction ami repulsion 
between chromosomes. In mitosis, the attraction and repulsion 

1 These weird! will be defined liter. * F-=.i 5 a. 
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axe between daughter chromatid^ but in meiosis the attraction is 
between homologous chromosomes and their chromatids while 
repulsion is first between chromosomes and then between 
chromatids, The order of attraction and repulsion map vary so 
that in memsls the equations! division may come first and the 
reduction division second. The otntiomere Seems to play a large 
part in the chromosome movement^ buL not very much is known 
about the physics of the processes involved. For detailed accounts, 
Jiowever, the reader may consult Darlington (19*7), MChddiugton 
(1^351) Stud SwftnSOn (1358). 

i 1 . Gi.wfic; 

It is well known that modern genetics springs from the pioneer 
work of Gregor Mendti, a Catholic priest and Abbot of an 
Auguscinian monastery at Blunt! Irt what is now Crechoslovakja. 
I-Iis experiments on garden peas still provide the Simplest ex¬ 
planation of basic genetics! principles and to preserve the eon 
tinnity of our descriptions it is appropriate to summarize his 
work. 

Mendel chose varieties of the garden pea (Pi.nstts setiinufff] which 
showed pairs of contrasting characters* such as tall and dwarf 
plants, smooth and wrinkled seeds, green and yellow Seeds, etc. 
For illustrative purposes we will use only the contrast between 
tall and dwarf plants, but whatever is said about this pair of 
characters applies also to ad Other pairs which Mendd used. 

Mendel started with pure-bieeding tall and purc-bteeding 
dwarf plants. Tins means that when tall plants were bred they 
produced only tall plants and dwfllf produced, only dwarf plants. 
When these plants were crossed the first generation, or plants 
were all Kill, Mendel then conceived tallness as being dominant to 
dwarfness- which was thus recessive. When the second generation 
obtained by crossing two F x hybrids was examined there were two 
kinds of plants in the proportion of three tail to one dwarf plant. 
Simi la r results were obtained with all the other pairs of characters 
Mendel used and so he concluded that SOfrW law. Of Laws, were id 
operation. To explain these results he postulated that in the 
parental gametes factors (now called genes} wele present which 
gave various characters to the plants. He further postulated that 
when the gametes were fotmiog those factors which came in from 
1 The nurd 'chuncted is invariably in gsndure 1 netting 'ch»rteKilul&\ 
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one patent segregated or separated frotn tnose which came in 
from iht other. This is culled the lm of st&tytka of factors and 
segregation occurs At itmdanL When fertilization occurs these 
factors recombine at random; this is called the law of 
The process is easdv illustrated by means of symbols* 

If T represents tallness and f dwarfness, then, because tall and 
dwtirf plants both received something for tallness or dwntfrieiB 
respectively from, each of their parents, a pure-bceeding tall plant 
will be represented by TT, and a pure-breeding dwarf by tt. 
When these ace crossed, XT * it, 1 the gametes will be T and t 
respectively, becatise the Ts and ^s separate. When tertilization 
occurs the F, Will be TV. When Tt is crossed with Tt the gametes 
will be T and t in eij ual numbets in each case and the combination % 
when fertilization occurs are obviously TT, Tt ; Tt t and tt- As i 
represents tStUncs-i and. this is dommant to dwatftiess the result lS 
three tad to one dwarf plant. 

It is necessary now bo introduce some technicalities. The plants 
It presented by TTand tt breed true AS far as tallness and d wariness 
are respectively concerned j, henK, in one case, all the gametes will 
be itpresented by T y and by t >n the other. They are thui S*id to 
be h<mvz<yv{t for either tallness or dwufness. The plant Tt is tall 
but produces two kinds of gametes, X and t, hence it is a hybrid 
and is said to be AwtodfljflMCT foe these factors. Again XT and Tt 
are both tall but obviously breed differently, and thus what an 
organism looks Bkt is called its pboustype, while what it is in its 
geirn-plasm is its genotype. XT Mid Tt are phenotypically alike but 
genotypically unlike, while XT and tt HE both pbr no typically and 
genotypically unlike- 

yf e may nOUf consider one Other cross, called the bacltcioss of 
the hybrid on to the recessive parent, he., Tt X ft- Uvhen this IS 
done the result is I XT : Ut, or One all to one dwarf plant. This is 
the one i i I ratio and it is A very important ratio in genetics 
because it indicates one jpttt Sffwencs between the. organisms being 
crossed. In all cases of this hind the symbolism and postulates of 
Mendel agree with the experimental results and hence give an 
explanation of the principles involved. If we look closer at the 
F b ratio of 3 i 1 we can extract some further information. This 
latio is written down symbolically as iTT 11 Tt e t Tt : itt\ of these 
TT and tf are homozygOUS while Tt is heterozygous. The ratio 

1 Ilit iimllipl iention j.gn x is vied to indicate a ctcisfliciH- 
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53 then ] TT homozygOte, zTt heterozygOteE, and i if homozy- 
gote, that is, i : 1 ; i- This ratio is the true, o t j^ga/ir, ratio and the 
} 1 1 mcio is a modification of this due to the dominance of one of 
the factors,. If there were no dominance shown in this ctOSS then 
the F s result would be i tall* a hybrids probably intermediate in 
size, and 1 dwarf plant. Many examples of this i ; * ; i ratio arc 
known and we need mention only one, There are two varieties of 
Font O 3 docks (Mirnbi&f jakpi i}, ted and white flowered, When 
red is crossed with the whicc-floweted variety die Fi hybrid ii 
pmk and when the F t hybrids are crossed the F s remit is a red : i 
pink : i white. 

The } e r, £>t I : z : i, ratios arc obtained when dealing with the 
inheritance of mt pail of characters such ns tall and dwurf. These 
ratios ace said to be mnetybrid ratios. When dealing with Sm 
pairs of inherited characters studied together, such as far example 
black and white coat colour, and smooth and rough coat texture in 
guinea pigs, a different mt£0 is obtained. Tllis is called the 
dif/ykrid ratio. In guinea pigs Wick coat colour is dominant to 
white and, rough te&turt is dominant to smooth. Taken separately 
these give a $ l i ratiolfi the F H generation. When a black-coloured, 
£Ough-haircd animal is crossed with A white-coloured, SaHOOtb- 
haired animal the F x is black and rough, but the F* shows four 
classes of animals in a $ ! * i j t t ratio as follows r black 
tough, J, black smooth; j„ white tough; i, white smooth, 

This ratio can be explained on exactly the same basis as the 
monohybrid one if it is assumed that the genes concerned 0Derate 
or move independently, i.e,, that they segregate and recombine 
separately. 

t’- CbrotRowme thsoty fj heredity 

Mendel’S Interpretation of his experiments has been amply 
verified, and most of the genetical experiments performed since 
can be explained satisfactorily on A Mendelian basis, or on some 
modification or excension of his principles, This is not to say char 
every experiment fits hi with Mendelian assumptions, Llndgrcn, 
fior example, claimed to have shown nun-Mendelian inheritance in 
certain cases in yeasts. He has, of course, been criticised hut not 
altogether refuted. There have also been serious Critics of 
Mendelian conceptions and their criticisms are partially left un- 
answered because orthodox genetics is so successful. It should be 
rjg 
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tfalized, however, chat genetics deals with tfftmat and the 
modem theory of heredity is an explanation of differences, and to a 
Luge extent the difcienccR concerned are trivial Ot pathological. 
Mundelian factors, if such there are, pass in and out of crosses and 
theJr arrival cm be predicted with accuracy. Granted the postulate 
of portlcokte inheritance, it seems to be in the nature of things 
that thfi movements of the particles will follow mathematical 
laws and the success of modern genetics stems from thh fact. 3 
Gcnedn gives ns a «&sfw±Oiy heredity of differences,. but as 
someone has said, what we really wartE is an heredity of re¬ 
semblances, The tilings that ready count in organisms seem to 
remain more or less constant throughout most of biological 
history. To say that these vital parts do not change significantly 
because they a<C continually adaptive and hence continually 
selected seems to he begging the question and if certainly does not 
explain the matter, however aidendy some people may claim that 
It does- 

These are just opinions, hDfwctffifj aod it reutufis s. stioog well- 
grounded assumption to postulate the occurrence in the germ- 
plasm (to use. the old term) of unit factors controlling the ex¬ 
pression of the visible characters of organisms, at lease in so far as 
their inheritance can be investigated hy means of dsiftrenocS. The 
germ-plasm is a definite thing, and hence cbcse unit factors. nr 
genes, should be definitely localized in some pact of it. The be¬ 
haviour of the chromosomes Suggests that they are the bearers of 
the genes. It seems to have been Sutton in who first suggest 
this connection between genes and chromosomes because the 
latter S3 wholes also segregate at tneio&is just like the genes and 
they recombint again when fertilization OCCU.tR. Thus the 
chromosomes behave just as Mendel's postulated genes do. This 
connection of the cbromoaonKS and genes may be called the 
skfmasofftt thtwy of btn&tyi but it 3 S primarily a geneELCal, and not a 
cytologies! theory. The chromosome theory extends Mrndelian 
principles and develops tlicm logically due, to a large extent, to 
the discovery of linkage andciOsSing-OYcr. Without It there would 
be no modem generics and no modern interpretation of evolutiot)- 

Tbc evidence for the chromosome theory of heredity is vast 
and is not confined to any group of plants or animals. In. fact, it 
extends even to the bacteria, viruses and the phages, indeed it may 

1 gsc faatncic i CsiprtgC; r 7-, 
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be- from these microscopic organisms that new light Wilt be shed 
on the mechanism of heredity, leading to a revision qf some basic 
genetic a! concepts. To illugttftte the theory we wdlchoDsc simple 
examples from the well-known fruit fly, Drmpbik m/amffittr. 
Tb is insect J s very convenient far this purpose because it is «sy to 
breed and produces a new generation about ana; 9 fortnight. 

When the Drcmpbsk work was first started it was SOOsl dis¬ 
covered that its inherited characters fell inio four gEoups, and the 
members of any one group were oamiaiij inherited tOgecher. It 
was aiso found that each ceil of the fly possessed four pains of 
chromosomes- This suggested that each group of characters 
could be identified with one pair of chromosomes, One of these 
pairs of chromosomes was found to be very small, so also there 
W 9 S ft very small group Of characters. The remaining three groups 
of characters and of chromosomes were approximately equal in 
size. The phenomenon whereby genes inherited as a group are 
considered to be carried on particular chromosomes is called 
hnkdg, and the gtoup of genes is known as a iitfkfgt fpVMp. 

The Erst linkage experiment had. been done by Bateson, md 
Funnett in i$o 6 and they explai nrd :r by a mechanism of coupling 
and repn^siom It was Morgan in ipa 1 who first gave the accepted 
modem explanation. He crossed A normal Drosophila with wings 
and a giey-colouced body with one which had vestigial wings and 
a black body. The Fj was normal, i.e.* grey and winged. When 
the male F x was backcrossed OH to the female double recessive, 
i.e.* with vestigial wings and a black body, the [test generation 
gave a t r j ratio of I grey winged and t black vestigial. This is A 
tr.onohybrid ratio hut WC are (0 fact dealing with a dihybrid. 
These results suggested to Morgan that the chatacieis winged and 
grey, and ftlso vestigial and black, were not inherited inde¬ 
pendently, 

Morgan explained this result by saying that the non-in- 
dependent characters were controlled by genes which were home 
on the same chromosome, that is, that winged and grey were: on 
One chromosome and vestigial winged and black weie OTi another, 
and thus eacll pair behaved as single units in inheritance giving a 
monohybrid result. Tills experiment was thus a demonstration of 
linkage, and Jn this case the linkage wag Ot complete, so 

that the ratios obtained were also the ratios of the chromosomes 
in segregation, 

ifil 
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Linkage is an. p pritri expectation because it is obvious that, if 
genes control the multitudes of characters of an organism and the 
number of chromosomes present in any one ss relatively small, 
then each duomosoJire must contain many genes which arc thus 
linked to those chromosomes, There is in fact a very iarge amount 
of evidence tor linkage and there is no need K> review it. But we 
would like to point out a modern development which is highly 
important and which connects to other genetic phenomena to he 
mentioned latet. Complex substances like vitamins, amino acids 
and purines are synthesized in the cell in definite chemical Stages. 
They are built up step bv step from dmple initial compounds, and 
Demetec 1 and others working with SaluMdtih have shown that 
each step is controlled by a different gene, and the genes concerned 
are all linked, thug ensuring that synthesis normally proceeds to 
its complete finale. Interference with the chain of steps by 
mutation of any one gene results in a blockage of the reaction and 
an accumulation nf the chemical which has been reached itl the 
chain- There are many eK&mpIcs nf this type of reaction which 
have been found itl bacteria and micrO&OOpic fungi- 

Now when the /«W I\ hybrid fioin the cross of grey winged 
and black vestigia] DrG$Qp$)ii 4 . was hackcnossed with the double 
recessive male fly it wag found that eighty-thrcc per cent of the 
progeny were black vestigial and grey winged, whilst in the 
remaining seventeen per cent of the progeny these characters bad 
been separated and new combinations of black winged and grey 
vestiglsJ occurred. In the cross of the male F : hybrid the linkage 
was absolute, i.e., 100 pee cent, but here in the case o£ the F t 
female it was only eighty-three per cent, i.e., it was not absolute. 
To erplaiu this phenomenon Morgan assumed that during the 
formation of the gametes in the female hybrid, the chromO" 
SOmes bearing these genes bad twisted, a break bad occurred at 
ih? twist, and the resultant portions of the cbjomogomes had 
joined up so as to form seventeen per cent of new combinations. 
This phenomenon ig caUed frvuiqg-imr. CiOssin glover is 
illustrated diag tammaticaily in Figure t; where it !3 seen that in 
the female F| hybrid cross described above, four types of gstnetes, 
two normal, Bf 7 and tw, and two crass-over gametes, Bi> and 
arc produced, instead of only the two normal ones if linkage had 
been absolute. 
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Ccosstng-nver is thus fln inference from genetiral data in which 
recombinations arc psroducedj and its occurrence hat been inferred 
in .numerous cases. But; the actual amount of crossing-over varies 
in different crosses, For example the Fl hybrid between 'white- 
eyed yellow-bodied DrMUp&fk with one ’with ted eyes and grey 
body has ted eyes and a grey body* i.c.. It is the normal or wild 
type h fly. When such t female F* is baeJt CTOised to the double 
recessive with white eyes acid a yellow body, the progeny show 
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For ■mpJicuy the chrooisuds have been omltlcd. See test for «n Id nation. 


ninety-nine per cent white-eyed ycJJow body and ied-ryed grey 
bodied Hies, that is, there is ninety-nine per cent linkage and Only 
one per cent of crossing-oven producing flies with white eyes and 
grey bodies and ted eyes with yellow bodies 

Cytologically there is some observational evidence that 
crossing-over occurs. It is a very difficult matter to observe, but 
there is a large amount of inferential evidence that genedtal 
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crossing-over dow in &ct occur on a cytologieal baaU also. In 
ssvcrd Stages of meiosis the paired chromosomes ace seen CO be 
osded round each Other. As we have already observed Dsrilllgton 
called these points of crossing-over thiatmtte and he held that each 
dltasma represented * point of genetical crossingpover, Further 
In chi maturation divisions each ditomOSOme is split into its 
daughter halves or chromatids. It is the usual opinion among 
Cytologies and geneticists chat in face chiasmara are always 
physically associated with points of crossing-over, but this IS not 
an inviujihle rule; fat reMUp^ Cooper’ founc chiasmata in 
malt -prompMk where little, if any, ctossing-ovet t S known to 
occur. 

It has been amply demonstrated that crOsStng-over only occurs 
between chromatids and not between the whole homologous 
chtoruoaomes, that is. It occurs at the four-strand Stage in mnioaii 
lh ; s was shown hy Bridges Bridges and Andetson a :n Drmpbik> 
for maize by Rhoades , 4 for by Jindgren, s tO mention 

only a few earlier examples. Recently the. single-strand cross-over 
at any chiasma, or point of crossing-over, was beautifully shown 
by Weinstein ' 1 who obtained double crOiS-QVOT between two, 
three and four sister strands in (he theoifrical ratio o£ T i a ; i. 
Weinstein also remarked on the evolution of ideas on crossing* 
over to the effect that they were first arithmedcal (ratios of genes), 
then geometric [location of genes), mechanical (dealing wit.a 
forces), physical (effects of heat and radiation] and now they are 
becoming chemical, tied up with the chemical constitution of the 
chromosome- A simple example of single-strand crossing-over is 
shown diagramniatjcally in Figure id- 
£jqs sing-over has long been a puzzling phenomenon to 
geneticists, and indeed many compLe* processes must he involved 
in it. Modem researches are uncovering new and unexpected 
aspects of is. There is no need to give any of the usual ciamplee 
showing its occurrence hut the reader may he referred to Mather-' 
for an excellent account and moie detail ' we wish to consider some 
special aspects below. The important thing to remember about 
crossing-over is that it enable a us to localize the geflO, lienee the 
definition of a gene as a unit of crossing-over. Various ex¬ 
planations of its mechanism llftvc been advanced which we tin not 
need to mention except that of Darlington 8 who explained it hy^ 
l Tp4Sl *iJM- #J «7‘ 
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means of the relationship between the coding of die chromatid a 
and that of dit chromosomes Id meiOSCs which are acted on by 
Rome little undeeRtood strains and hcecsrcr. In the last few years 
linkage has been shown in bacteria and phages 1 and fbece are also 
die transfouiiarions in pneumococci, 1 and the mnsduedom of 
to be considered Later. 

Esow that die chemical SftuctnDe of the chromosome is be¬ 
coming known, these disco 1 veries of linkage, etc., in such lowly 
organisms as pneumococci and render it likely that new 

mechanisms for ccOssing-Over will be explored. These latest 
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views have heen reviewed by R. P. Levine^ who discussed two new 
approaches Do cnOcsing-OVOt as follows; 

One approach considers crossing-over to OCtut alung a chromosome 
which is ready separated into crossover and non-crossover regions, 
The other, stemming from recombination studies id phage, Asptr- 
tfilm, anti Dmtitphiia, [rads to the idea that crossing-over occurs at a 
sub-molecular level. If this ia true, there art two conditions under 
which It might occur. The first is du ring the time ufDNA replication 
and the second is after this time. 

The idea of sub-moLccular crossing-over lr new and an- 
eipcctcd. It should be noted that itl chromosome Tecontbiliatieins 

1 See Ledeibu£, l*MTj Hc&ihayaeid ILatnun, ]- 9 *R, 
a See Holehklas arid Miimur, ijjt*. i See LJetmeftc & Deiticib^ 15 ) ]. 
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He:«T[>TT,e.rphiE plant HomaiyjrMis reeestke 

coloured & itafthy plant, mkurteii 



F/f. :t. Cytok^jciil dcitJiiftattfitlon'QremrKin|{-aT , erir..inaiEi!. N&iUMl eJvHjnvisaaic 
Je itfpttSfflrtd as a black line, the hebnomurphic thtOllWICin'e haa i black knob a* 
ceic end and si tnmtaciHtd portion (broken line) dF enathec cb:firt»&omt at the 
fflhtf end. When the plant -with a prill d hctrrGartOtphtC ch so mas times it ciOiStd 
■with a pltnc without fl pltit of Jieceromcrfihic chromatarncs the rc&iitf Bhown chit 
ertKiSlhi-oract has icmzllj cecurted in dm dlG prtgGiiy tOfica.n a. form :n which the 
inch hat been tnrrjfutrtd PS one chmmnonene and the crandocnted pfltf so another 
Wld the genes are inherited ajoaordinglj 1 . C = gtiK fat coloured endosperm, t =* 
jjcnr &n ccdUu jest nidoi|XrP1 h Wx — gsne starchy endosperm ind Wb — gienc 
For wasp endosperm. For simplicity the chrom^ridt BiC HrOr represented, For 
explmitiun ftCIcst. Creighton anti McQirrtoei, l^i.J 
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involving crossing-over the /amp new crossover types of chromo¬ 
somes are recovered together but in phage recombinations this 
dots not necessarily apply—only one crossover type may in face 
be obtained in phages. Perhaps this may indicate Some- funda¬ 
mental difference between crossing-over in higher and In lower 
organisms. 

Creighton and McOLntOcfc and Stern in igji gave the first 
combined CVtoJogLCRl and genetical evidence to show rhar 
gettetical crossmg-over wtas a result of a physical exchange of 
pares of homologous chromosomes. We may consider that of 
Creighton anti McClintock. A plant of maiae was produced with 
fruits showing coloured and starchy cruJwpetm. The approximate 
positions of the genes for these characters on the chromosomes 
were known previously The plant in question possessed a pair of 
betfiromOEphio (unequal) chromosomes. One number of this 
hetcromorphic pair was normal and carried the gene c for colour¬ 
less endosperm and the gene Wx foi starchy endosperm* The 
other rocmlMLT possessed a large knob at one end, and, near it, the 
gene C for coloured endosperm, and also a translocated portion of 
a non-homologous chromosome, with the gene iiuc for waxy 
endosperm near it, at the other end. This plant was then crossed 
with a recessive homozygOtc with colourless and waxy endo¬ 
sperm, which possessed a pale of normal chromosomes carrying / 
and A PX, and corresponding to the hetetomoiphig pa:r of chromo¬ 
somes in the first plant. There were four types of progeny from 
this cross. Two of them resulted from ordinary segregation and 
recombination of the -chromosomes, and possessed colourless 
starchy and coloured waxy endosperm respectively as expected. 
The other two types, however, were unexpected forms with the 
parental characters of colourless waxy and coloured starchy 
respectively which, theoretically* could only arise by means of 
crossing-over among some of the heteromo-rphic pairs of chromo¬ 
somes in the original coloured starchy parent. Cytologically this 
was demonstrated, for a clear exchange of ehromOKUne segments 
had actually occurred in that the knobbed end of the chromosome 
catty iug the gene C had been transferred to a normal chromosome 
carrying the gene Wx> while the Other end <rf rhe knobbed 
chromosome beating the gene JU-* and the nan-homologous 
segment had been transferred to a normal chromosome carrying the 
gence. This process is represented diagrammatical ly in Figure ry. 
i*7 
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A simple but important observation may be made from-the fact 
chat the genes ate arranged linflsuljf along the chromosomes. In 
cioscing-OYCr any pair of genes, is Liable H> be separated, Thus cbe 
farther apart they are the easier it would seem to be for them to 
become separated. Fot instance consider four pflits of genes* Aa t 
Bb , Ct and Dd arid their possible behaviour in crossings over as 
Shown in the diagram. (Figure i 3 ). We see that A and D arc 
separated each time, A ftfld C twice, J 3 and D twice, bur A and B, 
£ and C, C and D are separated once only. Due to thi s difference 
in tht amount of separation of the genes a crossover value may be 
given to each pair of genes, and by calculation of the crossover 
values fot as many pairs of genes 23 possible the relative distance 
apart of the genes may be obtai ned. In this way gcnedcal chromo¬ 
some maps have been obtained. The most complect maps have 
been obtained JO Drwpbtt*, Nivtvspe.ra, maize, dee, yeast and also 
in the mould AjpwgUtti- The importance of these maps cannot be 
over-emphasized because they represent a plotted scheme of in¬ 
heritance in the organism concerned, and they show extremely 
well the possibilities and consequences of genetic recombinations 
which are so important in evolution. What the chromosome map 
shows is the locus of the genes 0S1 the chromosomes and theic 
restive distances apart. It does not, of course, give the absolute 
distances between the genes. The chtOmoSOme map also shows 
that the gene, as the particle of inheritance, is visualized also as 
the unit of crossing-over which implies that no crossing-over CM 
occur within it. Readers who wish to Study a method, of mapping 
a chromosome may consult FothetgiSS. 1 

d. Gsttt aclsQ jb and interatthu} 

In the early days of Mendelism a gene was a straightforward 
thing. The gene for red eye produced a red eye. It was com* 
sidcred that there was a direct cause-effect relationship between 
ger.e ar.d character. Thfi organism was thought of as the sum 
total of its genes, buc this idea was never very convincing. The 
gene has heen said to be an abstraction, A discrete panicle a unit 
of crossing-over, an eiti&polatiofi, a state of organization, a 
molecular pattern, and SO on. We must not, therefore, think that a 
geneticist does not know what he means by a gene- Essentially 
the word involves a concept which has arisen from genetics! 

1 r g j i, Appendix J, 
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experiments, and which facilitates explanation, and snteiprctalJt.it. 
The concept is not rigid, and it is capable of great extension, hence 
the diffet^nt ideas about it wbsch Indeed all atLsc according to the 
circumstances of line experiments being performed- Whether QE 
net the gene ultimately turns out to be a thing in the trne sense of 
that word, that is, a self-eXLScing entity in its own right, or not, 
remains for the future to discover. 1 For ordinary descriptive and 
explanatory purposes the gene may be regarded as something 
situated at a point on a chromosome, and )£ a point is regarded as 
something having no dimensions, then SO much the better for our 
conception. What matters is the locus of the point 01) the 
chromosome. The advantage of a conception like this one is that 
it is fluid, and the fluidity of the gene is the most notable feature of 
it, as WC. will see below. Geneticists are not to be tied down by a 
wold. 

T'O return to Mif gene for red eye. Nowadays a conception 
such as this is considered to he too simple and naive. There is in 
reality no such thing as a gene for this or fot that- Characters of 
organisms undoubtedly exist, and the genes merely give a measure 
of the character differences as J. S, Huxley 1 pointed out. It is thus 
possible to visualize conditions producing a whole series of effects 
such as the thirty-odd eye colours of Dros&pbild wh ten all operate 
in sequence from fhe same point, or Incus, of the daromosGtne 
tearing them. It is thus that die idea of multiple alleles mists. 
The normal (in the sense that it occurs most ftecpjcn tly), or wild, 
type of eye colour in Drvsvpbiiit ntilxwg&ittr is red, and all the 
Other eye colours and mutations affecting eye cnlout ate said 10 be 
alleles, or allelomorphic genes. Hie scries of eye colours which 
range from red to white form a multiple allelic scries, and, in in¬ 
heritance, any two behave towards each other as simple Mendelian 
genes. One being dominant to the other. In Mendel's plant hybrid 
T/ t T represents a gene for tallness which is dominant to a 
recessive allele t. 

We may say thett is nn such th,i ng as a gene for this or for that 
because genes am not hermits. They do not exist alone and they 

1 The idea af 'parttfivlw* InhetilftfKe' it at jMEtcnt in cnurvL □( cnnsidcrtblc tffc- 
V ilioo, This ur.ir i_n. inherinr-jcs is acraciLTfi iccinjnbtd. ft! filfteijciui jaiher than 
paniculate anil 'hlft (UKtlocai WHt J» cilled die (istroK. But thEiE ciewt:, ft! yetitn- 
ca-ptinped, concepts dD rot irally adcSt tht Vtlklity of <ht aunda-ril siflMJtefMft and 
idea! it! (lat awcflpn: of generics. For tn account of Slum dcTclopiiijf oew 

ohuiges in genctucaL inrtcrprctatlcin the mdet It referred to G. Pofltecorvg | : pjj^. 
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do Slot function alone. The gene is always associated with othet 
genca for ming what may be called a gene complex or an in¬ 
dividual gene pool. It is thi 3 gene complex which provides the 
conditions determining the phenotype af die organism con¬ 
cerned, A gens in one genetic situation will behave in one way, 
and in another way in another genetic situation. Genes are said to 
be pkirtrspi. f, tliat is, a gene may possess one primary effect and 
several secondary effects- A gene may also suspend its activities as 
it were and assume rlictn at a kter period, AlUhcse statements may 
be summed up by saying that genes act and interact, and die 
phenotype of the organism is the resultant Of this action and 
interaction. Mather 1 stated chat genes take part i.n three basic types 
of interaction as follows; (a) there is interact ion between aLLcies 
which is called dominance, (b} there is interaction between non- 
alleleS which is called epistasis, and (c) there is interaction between 
the effects of genes and the environment. Genic interaction 
revolving around these three types exists in every degtee of form 
and complexity- Some gened cLsts consider that gene interaction 
is die result of an interaction of enzyme systems which arc con¬ 
trolled by genes, rather than actual interaction of genes them- 
selves. 3 But tills refinement does not invalidate the general idea 
of gene interaction- 

To give a complete range of examples illustrating die above 
statements would merely add further detail to this booh which is 
not necessary, 'llie ordinary examples of action and interaction of 
genes are found in deviations from the dihfbrid 9 : 3 : j : i ratio 
Sudi as the following: the t j ; 1, the 9 : 7, the 13 1the 9 : 5 14, 
the 1 a ; j : 1 „ and the 9 : fi j 1 rates, which depend on various 
arrangements of complementary, supplementary* epiStatic, etc., 
genes. The reader may get full information from textbooks of 
genetics such as Waddington, 3 Babcock and Clausen* OE Swansong 

There ate, however, several important effects which we should 
consider in more detail. Pledwtsopy is now a well-established 
phenomenon, For example, Mendel's purple-flowered plants 
have reddish spots in the leaf ftxilSj and also seeds with grey Ot 
brown coats, which are all the effects, of a single gene. Dobichan- 
sky ( found that the gene causing white eye in Htyiopbifa also 
affected the length of hfe. Sperms theca) shape and colour, and the 
testicular membrane. While the gene stubhloid also affects 

1 Ijjj, J See 3, 5L Strauss, spjj, 3 Ij)}?. * 19*7- , iWS i B IJPT- 
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viability, antennae, legs, bristles and wings. Gremeberg 1 gave a 
particularly good and classic illustration of secondary effects 
result! n.g from a gene causing abnormalities of cattilflge in the rat, 
A modified scheme of these effects is shown in Figure : g*. The 
effects Outlined in the scheme, however, ace all consequences of 
the initial nbnocmality, Given the abnormality the rest follow on; 
whether the gene really affects the secondary abnormalities or not 
is not known. This is one type of pleiotrnpy, and another type is 
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seen where there is no necessity sequence of effects and this kind 
is Ken when unrelated organisms ate affected, Hadorn 2 gave 
detailed accounts of the effects ofpieiotropy particularly regarding 
lethal genes. He described the 'pleiotropic pattern of mani¬ 
festation 3 Of the gene or factor which produces biochemical, 
physiological and motpibological ‘phenes*, that is, sets of chat- 
acterS, as, for example, two lethal Factors in Tlfvfupkih which 
interfere with normal protein metabolism.. In lethal genea in 

1 ijjB. = iwiij isjo* t^jij 13S4. ipfj, ipjfi. 
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palllculir pleiotropy gives a distinctive pattern Of damage and the 
effect varies according to the generic background in which Che 
gene is situated. 

Dobthanshy- definedpleiutiopy as follows, 'When genotypes 
which differ in a single gene yield phenotypes which ate unlike 
each other in two or moic not obviously related traits, this gene is 
said to have, pleiotropic Or manifold effects/ It Seems that many 
of die series of mulripLe id kies may eventually be shown to be due 
to pie in tropic effects cadier than to diffetsnt Or new genes, 
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F(f. 10. PukltifL Clfetft lit Dr&rvpftib, £txwailiQa of 'DoubLa* , 
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Jcguc Id that Bill unr then poiitnti three B guver. The 
hisi’.loii of the B genes eltnels th:i:r eaptiessicin.. (Aftet Biidj&±s, 

■pffk) 

Chromosomal changes and re-arrangements of various kinds 
wi.Li be descrih/cd In tbe neiit section. If the genes ate arranged 
linearly along the chromosomes like beads on a necklace, then 
such changes obviously alter the positions of the genes in relation 
to tlic.ie neighbours. In genetics such alterations produce what due 
called position ?jfsc £r. The effects of the larger changes have been 
known for a long rime, but within the last two decades a con¬ 
siderable amount of information on smaller position effects has 
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socjmulated, patdci.iLufly regard to Drosapbiia. And as a result it 
is paw established that the effect of a gene varies with its position 
in the chromosome, that is, that adjacent genes affect the ea> 
pieasion of a gene. Scuttevant 1 and Bridges 2 discovered the 
position effect in Dr*mphila. A gene B in this insect affects the 
size of the eye- U f licn this gene is duplicated H Bad eye is produced 
ar.d the eye is smaller. But there is A mutant called Double Bat in 
which the eye is smaller srilL This was explained on the assumption 
of unequal crossing-over of these duplicated genes, so that one B 
gEne was transferred to the homologous chromosome which thus 
had thieeE genes leaving only One in the other. The effect of this 
unequal etas sing-over is shown in the diagram ir. Figure lO, The 
wild type had only one B gene, h-omozygOuS Bar had two on each 
of the homologous chromosomes, It., four in each cell, while 
Double Bar had three of the genes on ooe chromosome and one 
on the Other, also a total of four in each cell, and yet the effect was 
different. It is cleat that the proximity of the B geneR to one 
another on the same chromosome intensified the Bar effect, that is, 
the effect of a gene varied according to its genic fidghbouis. 
Rapoposc reported a Bar mutant apparently with four E 

genes on one chromosome and one on, the homologue, which he 
called Quadruple Bat. 

Many position effects have been noted in Dmtphik by several 
workers; a good account of the earlier cases is given by Dobzhan- 
SJty 6). In some cases the actual geni C change can be cytologic- 
ally identified on the salivary gland chromosomes. Position 
effects, however, have been noted in ooly a few Other organisms. 
For instance, Gateheaide 1 showed its occurrence in Oetictbenr 
biardute, McClintodt' 1 showed it itl maire, and it baE been found in 
the tobacco plant. An essential point about the position effect is 
that the pattern of the chromosome is altered and consequently 
the gene reacts differently in relation to the chromosome as a 
chemical unit, and some modern research is concerned with this 
relationshio, B.. B. Lewis,* in a comprehensive review, showed 
that there arc probably two distinct types of position effect in 
Dwopktid which may not he closely related. In the first type a 
change in gene effect which follows the change in position 
fluctuates to a great extent resulting in a kind of mosaicism. Ih 
these cases both the eucbiOrciflrit and heretochromatic region! of 

1 i-jjiJ. * I$j6. 1 xjjg,tnd 1547a nnd h, * xjjl. s xjju-. 
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tht chromosome were involved. This gave rise to ft kind of 
'phenotypic variegation'. This type was called the 'K-typ* 1 by 
Lewis audit formed die majority of the Dmapoik posidon" effects, 
lo the other kind, called die H J-type\ the change in gene action was 
stable and more like a definite mutation, and it was much less 
frequent in Occurrence. The K-typc may be detected under 
certain conditions whenever a gene which is usually present in foe 
cuchromadc part of the chromosome comes to lie next to a 
hetetOchlumatlc pait. The 1 -type gene arises in eucLiromadn hut 
is influenced by heterucbromatfo. On foe other brand, that is 
reason to believe that the I’-type of effect is due to duplication of 
genes and to an altered positional relationship between the genes. 
The nature of the variegated type of position effect seems then to- 
be intimately hound Op with the heletOchromadn of the chromo- 
some, and has pointed another wav which may help to solve the 
natnre of the gene. It is known that most of foe heterochromatifl 
in Droftpbiia can be Separated from the chromosomes, and 
L, Mather, 1 L. V. Morgan 3 and Goldschmidt st a!.* showed, by 
varying the amount of this substance present in the chromosomes, 
that many foci could be affected. A further discussion was also 
given by Schultz -1 and again by Lewis. E 

Since about 191,7 Goldschmidt* has attacked the classic con- 
ceptfon of the discrete or pardculace gene. 1-Ie docs not consider 
that the chromosomes contain individual genes. According EO 
Goldschmidt the chromosome is a definite very long chain mole¬ 
cule with a definite chromosomai pattern. Any alteration in this 
pattern produces a change hi function which is known as a genetic 
effect. Previously such an effect has been interpreted as gene 
behaviour. This 'attack 1 on the gene at first found its greatest 
support from the phenomenon of foe position effect.. Gold' 
schmidt,' in fftet, considered that it is only an alteration of foe 
chrome same pattern which leads to evolution above the level of 
species 1 below that the small changes lead only to micTocvolntion.* 
The question of pseudoallelism is doseEy linked with the 
position effect because many pseudoalleles show it.* Stnrtevant jn 

*1£*7. Hl s*7. 3 19-53. 1 isrfi. a rsil. 

3 ?jH,l?*MUt | db i ii M A F iuidi S 3 Tr Ip+M , 

H JtEKBfsh <Vl tic RPDetks of as-sutl Organisms- rind Dtciei mLcto-wj^Ditlirt and 
Pjj LdiCMaic in knowfedgG cd” the- pbysLeo-chsnkn 1 craucicutlofi of the iduccDomcse 
J* wguLnijigto-Suiif-lancijCE GaJc.ichn.-iidi'B-s^i-ilonabouttts£crachan.is.Ti-nf htttfllcy, 
accaljo [OutoDtc: c ccifia^s 170, 

* Set E. B. Lewis, sflj:, 15 1554, and me Lewis, 5 j+j, 
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deathbed. psendoaUeliam somewhat as follows: If we have a 
mutation a-l, and another independent one a-z, wilifih are both 
passive, then a-i/4- flfid m/t ™11 be Wild type. But if a-,/a-* 
possess the a phenotype then a-i Atld a-i ate said .0 bs .ilLelcs 
(SLkkiinoiphk to the wild type gene)- 1 This is the standatd test 
for pIL-lkw. It means that a-i and *-1 OKUt at the same locus m 
the chromosome and crossing-over could not theoretically occur 
between them, But it happens in some cases that from ft-i and 
Sl-'j. two new recombination types, i.c., a-t/a—a and -W’h> be 
recovered. On the usual interpretation thin would mean that 
crossing-over had occurred lietween them and their sequence on 
the chromosome may also be shown, that is, for citample, that the 
a-i gene lies to the left of fl-i. The double heterosygOte 4-1, 

a_ 2 1" —|_I - , is the Wild or fit type, while l-T + f > or the irfftt 

type, Is the recessivehererozygote, What this means is that the alleles 
a.-] ar.d a-i can both odfirt in the gene at the same time, that is, 
they ate pseudoalleles not true alleles {or complete genes). The 
conception of pscudoallehsm implies that the gene is divisible. 
Theie have been many cases of this hind since Kyster- brought 
forward his genomeHc theory which postulated that every gene is 
composed of several sub-genes each of which produces a slighdy 
different quantitative effect on the phenotype of an organism, and 
also since the Russian School 3 described a similar phenomenon 
which they called Step allelomorphism to explain the peculiar 
behaviour of the gene SCUte, V, which has twenty-five Ot SO alleles 
affecting the frequency of bristle* in j Draaptib. The bristles wetfi 
affected id groups which could only be explained on a basis of a 
Step-wise system of alleles working, in regular, but not sequential, 
fashion. Rstflcl and Muller 4 in fact visualized a gent complex 
made up of tub-genes. This is 00c view of pwudoaDeHsm, 
namely, that the gene has several sites which may mutate in¬ 
dependently and crossover among themselves. s 

Another view ha* l>ccn advanced by several people, including 
Lewis, 4 PonteC0!(VO JJ and Haldane, 8 chat pseudo- or intcr-alleks 
are different mutations of distinct chromosome regions fuUCtian- 

1 Hhe a- ultii is UKd in. Aniiriain gcdCtienL fiomioi’. to denote the. wihJ type cf 
muc. TbinE sn DroOipbik if it rtpKtena tht Raifl fur tbt KUie nuanUkm. tbsi_? A? 
U'tij—n sjiDTS tbft KUTC ChjUirtir wiU bt flyuboUwl by It, while the normal fly m 
reftraflCC K> 'hi? rnutaiion. will be symbolised by + it. 
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ally separable in the. control of different steps in complex chemical 
reactions. The process is likened to an 'assembly line 3 ■ on the 
chromosome, but which does not occur on the homologous 
chromosome. Pritchard , 3 working with A.Jptrgttiut mdufatj 
found evidence for the first view mentioned above, He concluded 
that what are normally called genetic or cytoldgtcai crossovers 
may actually be the result of dusters of exchanges between a 
chromosome sice or locus which am so close together as to be 
recognized as such only under special conditions. The step by 
Step synthesis of complex: chemicals in the cdl provides these 
conditions* and it Seems to be along this avenue of approach that 
most progress is being made. O. Wingc . 2 found a very close 
linkage in yeasts for the raffioose and maltose fermenting genes. 
He assumed that there ls interallcllc CEQSSirtg-Ovet between them 
of two sinus; (a) anal crossing-over, io which only the chromo¬ 
some axis takes parr and (h) non-axial crossing-over, jn which a 
side-chain .belonging to the gene molecule is exchanged for 
anotEier. 

Pseudoalleles arc i mportant because, like ocher position effects, 
they may point to an interpretation of the gene as something other 
than ft discrete pfttdde, and. if they prove to be very widespread, 
they may give rise to the view that all alleles aie in fact pseudo 
alleles. A further discussion of aUelism is given by Pontecorvo. 1 

Modern work of this kind on the gene and on ccossing-Over has 
thus given rise to many fruitful results which are of necessity a re- 
valuation of the classic conception of che gene in genetics and 
hence Of its importance in evolution. There ate various views and 
D- M. Bonner . 4 sn ft lighter vein, remarked: T might simply sfty 
that in die case of Ntumparn 1 (eel that Our knowiedge of what 
constitutes a genetic unit is as yet fragmentary. We have an 
increasing number of facts with which to work and from these 
facta each one of us enjoys A certain Number of fantasies/ But 
these fantasies ace also signposts on the path of our understanding 
of the gene and SO M, Ihimerec 5 was able to sum up our know¬ 
ledge of the s true Lore of the gene as follows: '(l) Within a gene, 
smaller units Or sites can be identified., (a) These sites have a 
definite minimum size, ( 3 ) Mutants representing changes at 
different site? of a new gene locus, although they are affected 
primarily in one function, may differ from one another in various 
1 ip-55. a iflJS. *tw&. 1 ejj6. 
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new viability system [Mullet ) 1 in close ooperatian with the 
physical ar.d biological environment 3 

' Some cases of chiomosomal alterations ate given below; many 
of them cap- be induced by means of h-iayS Of by o.ber means. 
Tbe most evident changes involve whole sets of chromosomes and 
this phenomenon is called potjpbi& Polyploidy is of common 
Occurrence among plants and it means that in a secies of teheed 
species or forms the chromosome number is built up or. a basic 
number of haploid chromcrenmes. Thus in S&I&mtPt- the bask 
number of dHomosomea is %i and the virions species in the genus 

have numbers of *4, 4«, &>, IoS > arid : *+ T * ie 

members of Such a polyploid series am referred to as diploids-, 
tripbidi, Mrtpkidt, pmtephtA, etc. In Pctstitilk? the haploid 
chromosome number is 7 and the species a nge ft™ diploid 
up to ( 6 -plnid. There ftre vety many other examples m the plant 

world- 

Changes involving individual chromosomes ate well known 
but fall under i few types. We have already mentioned trJsomics 
in Damra where the addition of single extra chromosomes 
produced definite alterations in capsule form (see page Bo). In 
dtpeitndii a small portion of a chromosome may become inert or 
lost. In mstn piece carrying genes which arc already 

Ml the chromosome ig added to it- In Tttipftwi framdetatia ■, or 
jlgsmid a,tarcb&n&t two chromosomes interchange parte. While 
in rnwrsioti a piece of the chromosome becomes completely in- 
verted through ]So degrees, thus reversing the order nf die genes 
in that portion. There is no need to describe how these changes 
art brought about, suffice It to point out thir they arc widespread 
in both pIstnCR and in annuals. The reader -will find detailed 
accounts in Dobzbanaky , 4 Huxley 5 And IkthergiH . 6 

The important thing about all of these changes is dtat they alter 
the relation, of the genes to one another, and providing the 
resultant organisms ue not sterile, they add ro the possible oom- 
bmat:or.fi of genes .in furore generations. 

It is failly obvious that as nuclear division and moods lie 
delicately balanced processes, any mftjor upset in the chromo 
mmeSj such as large deletions or ttftnslocadons, would probably 
1 IMgk 

1 JargtaUQ, J gi£,‘Vilmoiin arid Slmontt, T917, spiS. 

J ShuncriDiil, l gje, and Mvntzini;, I})T. 
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render rbe organism concerned lethal as Muller and Pontecorvo' 
suggested. As these changes ftfe of common OKuttence in wild 
and apeiimental material,, it is dear that they play an important 
part in evolution, and. this seems to be the general consensus of 
Opinion among evolutionists. Doltdians ky 3 expressed this 
Opinion very conservatively when lie wrote: 'The amount of 
chromosomal change which has taken place i.n evolution is much 
greater than has hitherto been suspected. 3 

It seems that spontaneous chromosome change is quite common 
in normal plants* as* fot example* itl Affitm* 3 TndrisaHtia* 
Tr i/{htm> n and in many others. It has been suggested chat natural 
(cosmic) radiations cause these spontaneous aberrations* but this 
is a difficult matter to prove, IF it is jwobabk that inv abnor¬ 
malities arise .ifl this way, then their frequency of occurrence is 
very LowA Hybridify* genetic and CytoLogical changes such an the 
formation of bridges between the separating chfOtnoSOm.es in the 
late anaphase stage, are Often seen to be associated With both 
spontaneous and Induced ditotnosom* aberrations* but the 
ultimate cause of them is not known.* 

The viability Of mutated genes is clearly of great importance, 
fly viability is meant the successful negotiation by the murant of 
the whole internal and exte rnal environment in relation to like and 
unlike mutants and Specie^ also present.- Many large chromosome 
mutants are not viable* hut both TimOfeeff-Rjessovsky* and 
Gustafsso'i' found diat about two per thousand, equal the viability 
of the patent type. Gustatsson 3 s figure applied only to large 
mutations, while Timofeeff-Ressovsky's applied-to both large and 
small ones. 

Translocations induced in cultivated plants are samedmes 
better than the parent strain. Foi instance* GustafSson 10 reviewed 
and described several examples- The barley mutant, Brectoid t* 
is Stilfrr in the straw than the Golden.Barley parent from which it 
was produced by X-rays* and it has as high a yield of grain. 
Another barley mutant* BiCCtold 7, has a yield only slightly less 
than the pareno In the Pea \Ps;u*» sativum) O. Gelin produced a 
chromosome mutant with five pet cent greater yield than die 

*T^T*JS. 1+5. 3 tp^t* 

* Ciki* i jin; fJiflduTj, 194.1; ird ec Darlington 194.I. 

“ Bliley, 1 1 > 4 ?. 1 Set Cacdiaidi tj^E and. Snirmw, i^jo. 

7 Sfv WaJtm* lytrn; McCLiriKrck, Wacrnkr, tw. 
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parent* wbik in Sweden the White Mustard mutant, called Primes* 
gate a greatly increased yield of zpojQoq kilograms of oil which 
was a national gain. But spectacular results of this kind are not 
common, especially when the mutants are grown in the parental 
environment. However, Gonzalea - and funofeerf-R CSSQVjky- 
showed diat hOmOEVgous large mutants which did not fare so 
well in the parental environment often did much better in a com¬ 
pletely new one, and this improvement was partially brought 
about by the presence in the mutant of modifying genes* Gusu- 
fsson considered that chromosome mutations like these may be of 
fundamental importance m evolution, like the vety large systemic 
mu carious. 

It is becoming increasinglv cleat that inversions ik of mom 
importance in evolution than "has hitbeeto b«n realised. They are 
Important because actual inversions lead to irregularities in 
tr-eiosis if they are crossed with the parental forms* and in many 
cases chromosome pairing is prevented. Thus the inverted form 
may he scenic with the parent and related forms. If it is beteiO&y- 
gous it should be self-fertile. Darhngton 2 seems to have been the 
first to point out that such inversions had possibilities for 
evolution because the homoiygOuS inverted form is then £fr- 
productively isolated from the parental types and evolutionary 
divergence could occur if mutations took place in the inverted 
portion of die chromosomes. 

Because of the importance of inversions a few ciamples ate 
given bjlow. The phenomenon was first described by Sturrevaflt 
in 19*6* who found that crossing-over was suppressed in certain 
loti in Dratupbik mwogiri***. He accounted for this by saying 
that part of the chromosome in which interference with crossing- 
over took place had undergone a rotation of 180% i*e, had been 
completely inverted. In 191J he found some Tfrasopbiint which 
were homoF r ygous for this inversion and crossing-over was then 
restored* But the important point was that new linkage groups* 
that is, new gene combinations, hid been produced- Inversions 
in plants have been found by Darlington and Gairdrusr 5 in Cant* 
pewrk prm-ifeha, in TrakfiWStid by Darlington, 11 in TtPipa by 
Upcutt, 7 in by Ostcrgren,® in Paris q/ffldriftiss by 

GeitLer** and even between diBerent species in the cases of 

1 igzj. * 1 934* usd b. 3 I9IT. * Ami see FotiiecgllL, 19] ft. 

*1917, 1 1937. * Wit- 1 ]J<0. 
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DrfftVpMia Miranda and D. pstaMwtrm by Dobihitusky and Tan J 
acid Grfpij iHvamatti and C ., nicsar t idsf by hlunndrig - IrvetsiotiiS 
have actually been demonstrated in the salivary gland ceils of 
Drviapbiia and other Hies. The=e cells contain specialized chromo- 
somes which arc always in An elongated state and when thev 
divide the halves do not separate but remain attached Lying side by 
Side. Each strand in tbe chromosomes contains a certain number 
of ebreunomeres, that is, staimble doc®, discs and plates, arranged 
along the strand in a definite order, The strands lying side by aide 
are associated with each other ebromomere by chlOmomere and 
the size of the chromomeECS And distance apart may be tabulated 
and measured. In inversions in these complex chromosomes it 
lias been noted that the order of the chromomeces in cettain 
regions Of the strands is reversed point by point It seems to be 
established then that inversion? and simiLat chromosomal changes 
have played a large pact in the production of varieties and geo¬ 
graphical races, and probably kfeo of species (see also position 
effects, pages 173-17}). 

b. Gent Bttotatitois 

A gene mutation is an alteration in a unit part or locus of A 
chromosome which is inherited in the Menddkn pattern. 
Within the last thirty years numberless gene mutations have been 
produced experimentally by various means involving chemicals, 
heat. X-rays, neutron bombardment, ultra-violet light, cosmic 
tky&j gamma rays, etc,, on A lArgc variety of Organisms including- 
plants, insects, fungi, mice, bacteria, algae, etc.^ There is also a 
iArge variety of techniques used in obtaining mutations Audi in re¬ 
cognizing them when they arc produced. Most of those which are 
studied in detail produce distinct phenotypic effects, hat less 
■obvious ones catl be recognized and possibly these ones ace 
actually produced ill larger numbers than is usually appreciated. 

Beyond the tact chat some gross change took place in the gene 
little was actually known about its nature until recently. In ItjzH, 
the year toll-owing M uLLet's^ Spectacular announcement of induced 
mutations in Dmoptila, p, Griffith* also published a report which 

a Fur farther iJnnmiiofi sec DvJebHiato , ipac, ipjij. Hnstey, l$4l, FodsmilL 
yjts toil Tarjuns p-dpCci? tli CbJd Spring 1 -laibcm Syjnbraium, 1051, by TJmofttff- 
ReHnvaLii'j Levin, Denecec, Jensen. 

* ] yJT tod: *1913. 
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may prove to fit as fat-ttidlfcig for genetics and evolution ns 
Mullet's brilliant results. But little notice WAS titer, of Griffith's 
-work, possibly because he worked on bacteria which Me not 
sexually reproducing* Griffith found rliit it was possible to 
obtain living encapsulated smooth (J) pneumococci from mice 
which had been injected with a mixture of heat-killed S fottns and 
living ootumeapsulatcd rough (R) pneumococci. The new S 
fottns teprodoced their own type in succeeding generations, that 
is, the transformation was inherited. Further, the new form? killed 
by heat would themselves induce their form in the R type. Thus 
it appeared as though a new gene had been induced in the R form. 
Utee the experiment Via repeated in culture without the agency 
of mice, and similar results, were obtained. It WAS possible that the 
agent hi the dead S coccus bringing about the change was a virus, 
ot even that the S in the mixture contained some resistant spores 
which subsequently germinated. 

Then m 1944 Avery***/, repeated Griffith's experiments using a 
pulifted extract of form S. Tbcic purified product was able to bring 
about encapsulation to die R form, The extract was subjected 
to rigid chemical, biological and physical tests Mid it was found 
that it had the cliemical nature of deoxyribonucleic acid (DKA) 
which is one of the main chemical constituents of chromosomes. 
Thus these experiments, showed for the first time that a specific 
genetic function (encapsulation) could be established by a 
hiuiogical substance of Specific quality. Changes Like this art 
usually referred to as transformations rather than as mutations, 
and they are not mutations in the ordinary sense, nevertheless, 
they do represent a change in the chromosomal material of the 
receptor strain. This WQlk has been described 1 >y ilamenhof [ and 
bv Overend and Ftacoekc- 2 

Since Avery's confirmation of Griffith's work several other 
transformations in bacteria have been carried OUC, and it is now 
established that the agent producing the change is DMA and 00c 
any possible attachment of other ptotehl Ot virus. For example, 
Alexander and Lcidy 3 indued capsular transformations in 
Rdifttapbiius iiffixcrspe by specific deoxyribOflUckatCS extracted 
from bacteria. A good deal of work has in fact been done on these 
remarkable mdactions by several workers, but so far they have 
been brought about only j.tl bacteria and about seven different 
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transforming agents have been (bund up to the present An. 
account of lb:a further work was given by Harriett Ephrussi- 
Taylod who has formulated, a working hypothesis concerning the- 
genetic nature of transformations as follows; ' Tran a f o rm ationB 
consist of tht replacement of the nucleic component of an 
autoteprocl'jcjng celi element by a nucleic acid of extraneous 
origin having a closely related structure and function.-' While 
these transformations ate of a particular kind, they do indicate in a 
general way that mutational changes are ir.cimatelv connected 
with die genic substance of the chromosome In that DNA 
isolated from one Strain of a micro-organism is able to transmit 
heritable properties to another and induce a genetic change in if* 

Tire action of X-rays on the chromosomes is known up to a 
point. Generally speaking. X-rays disrupt chromosomes and 
produce major killing eifects, but when given in small doses they 
produce some ger.e mutations. it k now known that (a) the race 
of gene mutation is linearly proportional to the amount of 
ionization itl the tissues* (b) the mucatiun rate is independent of 
the time during which a dnsc of rays is given, and(c) the mutation 
rate is independent of the wave-length of the cays used in the 
process. These faces Indicate that the mutation is a single event of 
ionization which Implies a physical change In the gene. 1 As 
regards the laeger chromosome aberrations resulting from X-ray 
treatment of Trarfwntntia chromosomes, the work o: Sax,* Lea 5 
and Cutchddc 11 indicated that* given a suitable dosage, a single 
ionizing particle passed through the molecules of a chromosome 
leading to several direct ionizations as contrasted with the single 
ionization in the production of the gene mutation. These 
ionizations then broke die chromosomes, or some cif them* and 
later the chromosome pieces joined up in r.ew combinations, or 

remained un-united- 

In 1347, and later in 1949, Thoday and R«d working with 
Wnk fsha found that oicygen had a decided effect on producing 
translocations when X-rays were used* but not when 
parades were used* Gihs 7 tf al. and Katval and Gray® found that 
fast neutrons are intermediate between X-rays and &iph& particles 
in their effects on chromosomes in Tradtstn/t&t. In a series of 

J 1551- 1 Sac also iiiosclikiss, 
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papers' Giles tf si obtained the following resiiks in experiments 
'with the effects of X-rays and oxygea concentration On J Tofastsatia 
chromosomes in pollen grains; (a) oxygen itKKlKd the fre¬ 
quency of all types of x-iay aberrations immediately it was 
applied, (b) oxygen must normally be present during the actual 
X-ray treatment, (c) but there wft-S Stiii an appreciable amount of 
aberration produced ir. the absence of Oxygen (a residue waa 
always left in the spores), (d) between o and 10 pet cent there was a 
bncar inceeasc in the frequency of aberration, herwee n r r and ao ptr 
cent oxygen the frequency was more gradual, and at at pet cent 
oxygen concentration a plsiteso was reached, (t) the increase in 
frequency' was related to the amount of oxygen dissolved in the 
cells. On the basis [bat irradiation of water produced hydrogen 
peroxide (JijCy Thoday considered that this Substance was 
responsible for the chromosome aberrations. But oo the basis of 
all the experiments mentioned, Giles-summed up the oxygen effect 
as follows; 

The effect of oxygen during i eradiation in increasing aberration 
frequency is found to show an inverse relationship to the spedfie 
ionisatiun (ionization density) of the radiation utihied. Thus die 
oxygen effect with fast neutiuos is intermediate between that with 
X-rays (where a pronounced effect is noted) and with alpha particles 
(where little or no effect is found). This finding is interpreted in 
tettr-s of the different initial spatial diaaibutions and consequent 
interactions, in the pfeser.ee of dissolved oxygen, of the primary 
radiation produces {OH radicals and H stoma) arising in the aqueous 
medium of cells deposed to die various types of ladiatlons. ^’ith 
radiations producing a high spccliio ionization, tudical reoom- 
binaiims tarber than icautinr.i of H atoms with molecukr oxygen 
will be favoured, wheteas the reveise situation will exist for radiations 
having a low specific Ionization* Thus little effect of oxygen is 
anticipated with dpke particles, hut a marked effect is expected with 
X-rays, and fast neutrons should be ircei media re. 

The prinoary effect of radiation therefore is to- produce active 
radicals In the water surrounding the ge-fle, chemical reattinn then 
taking place wheseby the gene becomes modified. The actual 
mutation is thus a secondary effect. Supporting evidence fbrGiles' 
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views came from Wagner 1 working with Nwro/pert, and Haas 2 on 
bacteria, who four.d that mutations were produced by patting the 
organism into watee which h ad been previously irradiated. While 
C. P. Swanson 3 jn collaboration withK. G. LuntutuH gave a com¬ 
prehensive scheme regarding the breakage and the reunion o£ the 
irradiated d-tomosorneS under the influence of the Oiygen effect 
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as shown by Gi:cs. This Schema given in Figure zi h is eeJ£- 
esplanatory and is based on a modified simplification of a scheme 
given, tfi Tgj j by Thoday. 5 Swanson assumed chat irradiation 
produces a number of primacy events some of which catl be re- 
pairedj while others may be further influenced by physical or 
chemical factors. By direct energy transfer in phase i in Figure at 
is meant the immediate effect of the ionizing particle 00 the 
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chromosomes, while bv indirect energy transfer is meant thar 
ftflecr induced through ionized water. Several workers, ho WOver, 
have interpreted these eaperinifiOtS on Vkis faba and Tradaitmtia 
as meaning that the OKygeo effect is on the recombination of the 
chromosomes when irradiated rather than on the breakage 
mechanism, ■'JliE two interpretations are discussed in detail by 
Giles. 11 

Induced mutations present a series of types, from those which 
att Ltthfti in various early stages,, through those which ate weakly 
deleterious by reducing viability slightly, and those winch are 
neutral, to those which ate henelicisl and have definite adaptive 
value. Some of the mutations have an enttemely small effect on 
the organism concerned 9 rtd are difficult to recognise. It is 
thought that an organism may carry mutated genes which in their 
preterit condition produce no effects. Nevertheless, it is generally 
acknowledged that the vast majority of visible gene mutations, if 
not actually lethal, ate deleterious to die organisms possessing 
them. For instance, Robson and Richards 2 found arc mutants 
out of a list of }Sff given by Morgan, Bridges and Sturtevant 1 
were so defective as to be classed sis lethal. One indication of the 
prevalence of these deleterious genes and mutants is that it 
confirms the general expectation that the larger the change in an 
organism the more likely it is to be harmful „ and indeed Fisbet q 
has shown this to be the case, SfcuUec and Roman 5 were of die 
opinion that irradiation in maize resulted in gene loss rather than 
in tme gene mutation. This view was supported by Left vie" who, 
after extensive work, found that mutations induced by ionizing 
radiations, that is by X'tays. arc not of die same kind as spon¬ 
taneous mutations or those induced by ultra-violet light. The 
chief effect of the X-rays was destructive and resulted in a loss in 
the irradiated organism which was ittevetsible. If this effect 
occurred in many cases it could have drastic consequences for 
evolution if such changes were allowed to accumulate. It ia cleal, 
however, that the way in which a gene changes to a new allele U 
not yet known. 

Superficially, then, it would seem that perhaps gene mutations 
could he of little use in evolution. However, soon after the 
e i peri mental induction of mutations, it was found that many of 
the mutations produced in die laboratory had their counterparts 
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in wild populations. This discovery led to the study of wild 
populations from this aspect byTimofeeff-Ressnyskjti and others , 1 
Recessive mutations extracted from wild pop ill aliens showed that 
the differences between tire various races were gene differences 
affecting quantitative characters similar to those produced in the 
laboratory h and iwfflilar to many of the quantitative characters 
separating varieties and species . 2 Such recessive mutations 
occurring in wild populations art called spontaneous mutations. 
The oenurtence of large numbers of genes producing very small 
effects is now well established, and many evolutionists consider 
that these very Small mutations are the material which brings 
about the evolution Of species . 3 Fishfil 4 explained the Con¬ 
sequences of the presence of neutral genes, ot of those which have 
only a slight selective advantage, add we. quote the psnagraoh 
heie. He wrote; 

The very small tangt of selective intensEty in which a fector may he 
regarded ns eilcctively neutral suggests that such a condition must :n 
general he extremely transient. The slow changes which, melt 
always be in progress, altering the genetic roofthudem and en¬ 
viron tr.ental conditions of each speeie^, must a Iso alter the selective 
advantage of each gene contrast, Slow aa such changes in selective 
advantage must undoubtedly be, the zone separating genes possess¬ 
ing a definite selective advantage from those- suffering a definite 
selective disadvantage Is so narrow, of the order of the reciprocal of 
the breeding population, that tt must be crossed somewhat rapidly. 
Each eutotaful gene which spreads through the species must in 
sonic measure alter the selective Advantage ot disadvantage of many 
other genes. It will thus affect the rates at which these othei gents 
are increasing or decreasing, and so the tale of change of its own 
selective advantage. Tltt genera] statistical consequence is that any 
gane which increases in numbers, whether this increase is due to a 
selective advantage, an increased mutation rate, or to any other 
cause, such as a succession h>£ favourable seasons, will so react upon 
the genetic constitution of the species, as to accelerate iy increase of 
selective advantage if this is increasing, ot to retard its decrease if it is 
decreasing. To put the matter in. another way, each gene is con¬ 
stantly tending to create genetic situations favourable to its own 
survival, so that an increase in numbers due to any cause will in its 
turn react favourably upon ihe selective advantage which it enjoys, 

11 ? 1 7 ' 
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Heoce the frequency, or f ate, of mutation is of great impor taiKC 
To their spread in A Sped.es, and hence to their dfect on evolution. 
It srerai to be considered at present that the genotype tends to 
change constantly and most of the changes would be due to 
exceedingly small mutations very difficult Of impossible to detect, 
and yet it is these small changes which are also increasingly 
considered to play a very large pan in evolution because their very 
smallness enables them to move about as it were in a population 
until lufficient have accumulated to esefl a reasonable change in 
the population. Thus* in any count of numbers of mutations 
many, if not the majority, of these very small ones will be missed. 
Counts are tendered still more difficult because they may be made 
on Species, on chromosomes, Of on genes. We have already 
mentioned that Timofeeffiftessovsky and Gustafsson found 
mutations Occurring at the rate of about two per thousand, This 
figure, compared with others in the literature, seems to be unduiy 
high, Huxley- thinks that a general mutation rate of i in lo 4 , or 
i in io fl , may be expected. 

So far 33 is known tbe mutation process 3£cnas to be at random, 
but it enay only be atl apparent randomness due to our Lack of 
knowledge of the process. It is random because JX> major 
generalisation has yet been formulated about it. J f an organism k 
treated with X-rays* say, it JS not known what change will occur; 
any tissue. Of organ, o-t none iuav in fact be altered. But this 
statement is nor trucin all cases; for example, Gustafsson has shown 
that sn barley some mutations ftte easily induced and controlled^ 
■and there ate A few Other cases. Some genes have never been 
known to mutate, seme only once, and others mutate constantly. 
The following examples will show the variation in mutation 
frequency in difleient organisms, Mabours 2 studied the Grouse 
Locust for twenty years and only recorded one mutation. St&dler 1 
found a very great variation in the mutation fate of seven genes in 
maize. The mutations of the following genes per miLlion gametes 
were; lVx, oi Sh, Y„ a,a; 5u, 1.4; P, it; L, 106; and 31 , 45s. 
W- P. Spencer 1 spent eight years studying some 7,389 pedigree 
cultures of Dt&SBpbila fustbrit and D. by do numbering a total of 
yje,C>3e flies. He found that the rate of spontaneous mutation 
varied gieady and for a continuous period of thirty-eight months 
no mutations were- observed. TiTnOfeeff-Kessovsky* X-rayed Art 

1 TJ41, = igijo, 3 See Waddingcon,, 1939, p, 3Bi,, * 13JJ- *1939,. 
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American and a Russian Race of Droaphiis ntttaMqpsUr and found 
that the American Race produced fifty-five mutations from red to 
white eye colo lit involving 39,200 flies, but the Russian Race only 
produced forty simikii mutations in 7j ,j0o flies. 

When Fisher produced his fundamental theorem of natural 
selection it was not ieaLp£d Lliat fflftny very small mutations might 
be produced frequently, and his calculations were made on the 
has3& of the known mutation rates of ordinary gene mutations. 
Even SO he found that in general in Drosophila mutations are 
Seldom produced more than once in jao.Oaa individuals. If there 
were no selective Survival ir would take 100,000 generations to 
produce an important change concerning the mutation in the 
genetic constitution of the ?,pedes. If the gene were opposed by a 
very small selective disadvantage the change would joon be 
brought to a standstill. With a selective advantage as low as only 
one per cent the genetic constitution would be greatly modified in 
only 100 generations. But if a mutation persistently occurring 
once in EcO h COo individuals is opposed by a selective advantage of 
ooc per cent equilibrium will he established in the population 
when 1 in i a oco individuals ate affected by the mutation. Fishcti 
concluded; 'For muiations to dominate the trend of evolution it 
is thus necessary to postulate mutation rates immensely greater 
than those which are known to occur, and of an order of magnitude 
which,, in general, would bo incompatible with particulate in- 
hciEtanccd He considered rltat mutations did not affect the course 
of evolution and that we arc then left with only selection as an 
effective, agency. This does not mean that mutations have to he 
al^andoncd, they do after all produce direct changes in organisms; 
it only means- that our knowledge about them war- not then 
sufficient to give an explanation. The paradox thus created was 
rendered, greater when it was realized that in nature most wild 
type genes are dominant, while the vast majority of mutant genes 
are recessive—only a few dominant mutants have been produced. 
For example, in Drtsophsh over aos genes are recessive and only a 
doaen or so are dominant. 

In otcici to play any significant part ill evolution the recessive 
advantageous genes, Ot mutations, must become dominant sooner 
or later and compete OH an equal footing with the original genes, 
and further, they have to do this in the teeth of a ]nass of dis- 
] ^ 
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advantageous genes, Such advantageous genes would for the 
most part be present in the heterozygous. State, i.e, 3 in com¬ 
bination with the wild type. In such a State that gene complex 
which manifested the advantageous genes to the best advantage 
would generally be naturally selected, and the greater the mani¬ 
festation of advantage the grata the selection would act. It is 
generally supposed that a new mutant gene would in the course of 
time become dominant to the origmal wild type wd would 
supplant it. This argument, of course, presupposes chat die 
original gene remains Stationary iu terms of se.erth-e advantage, 
which may be unlikely- To be really able to compete with the 
wild type gene a mutant gCOC must increase its quaiity of ad- 
vantageOUSncSR which it confers on the Species until this quality 
is greater than that of the wild type gene. It has vet to be shown 
that selection can do this. In any case the many more dis¬ 
advantageous genes which arc produced have VCt to he accounted 
£or- 

Td overcome the parado* Fisher 1 evolved his theory of the 
evolution of dominance. The argument for this may be stated 
briefly as follows, practically all mutants when they sue first 
produced are present in the heterozygous state. Those that tend 
to be domio&nt producing definite phenotypic effects will tend to 
be adversely affected. If mutations are produced repeatedly then 
the presence of gens modifying the expression of the mutant will 
be advantageous to the organism, In the course of time, through 
the operadon of these mod ifying genes, it can.be expected that the 
mutant gene will ljeoomc pushed into reccssivity by the selection 
of the gents modifying its action, 'thus eventually the dis¬ 
advantageous mutant comes to resemble the wild type until it 
ceases- to have any disadvantageous effects on the organism. This 
is the theory nf dominance. Hence the theory depends on a 
selection of the environment of the mutant gene SO S3 to prevent 
the gene from producing a had effect on the mutant organism. 
Evidence fnt the theory is derived from the known reaction 
between genes and there ate many known cases in which certain 
genes reduce the dominance of other genes. 

Fisher described the case of the. COtCOtt plant as showing 
evidence of the presence of modifying genes. This work was 
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done by Harl&nd 1 And others. Sea Island Cotton reputedly 
produces a mutation oiled crinkle d-d waif which is recessive to 
the normal form in the species. The New World Cotton species, 
however, do HOC naturally possess this mutant, but Harland intro¬ 
duced 1 c into them and found thaC in the generation it wag no 
longer tecessive. The dominance of the wild type had con¬ 
sequently been reduced. In the F t generation, however, there 
was an almost continuous variation in regard to dominance and 
reccasiyeness of chis gene. This was interpreted to show that Sea 
Island Cotton contains a number of genes modifying the 
dominance of the gene for crinlded-dwarf. Another interesting 
example in cotton described by the Same writers concerned the 
inheritance of petal spot which shows a biending type of in¬ 
heritance rather than, the clear-cut Mjendclian Jdfldr G&stfphtm 
burb&km and G. htrsttium both possess varieties with and without 
purple petal spots. In each species the presence of the spot is 
dominant, but when they were crossed the had only A Srdali 
spot, wluJe the F, showed plants with large spots, aome with 
small spots and some with various iC-temtediate-siaed spots. By 
back crossing to the original patents the parental type of spot was 
produced again. Hariatld analysed these crosses and postulated a 
gene J u for the presence of the spot and J B for its absence and also 
a number Of modifying genes in G. barbadian which made the Spot 
large, and a number of different modifying genes making it small 
in G, hinuium. In the Fj hybrid then the interaction and segre¬ 
gation of these genes and their modifiers gave a large swing of 
variation. 

Fisher's theory of dominance was a brilliant attempt to over¬ 
come A great difficulty in the application of genetic theory to 
evolution, but it was drastically criticised by Wright, 1 Haldane, 3 
Muller* and others. Its greatest drawback, in Spite of HarlantFs ex¬ 
ample of modifying genes in cotton, is that it tmnlies that, for every 
new mutant gene produced, A corresponding quota of modhiets 
must also be formed- These modifiers must obviously be them¬ 
selves suppressed by others and so on ad in/ftiilsim. 

Ho'wevec, it seems to be firmly established now that to some 
a tent the terms dominant and recessive as we normally use them 
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a JC arbitrary tenm, It is true that no one factor is completely 
dominant 01 recessive. The recessive modifies Lhc dominant and 
the dominant modifies the recessive. Vfhat is important is the 
■whole genotype, and, after ill, the idea of modifying gene? is 
merely an eiKItsion of genotypic mlieux to explain the facts. 
Leinel 1 recognised the difficulty of the theory of dominance and 
pointed our that, if dominance modifier (which are genes on 
other loci of the chromosome) ate already present before the 
mutant IS produced, and if they do not differ in their primary 
functions, then they can be viewed effectively Sis homozygous 
genes which may vary .in their secondary effects affecting 
dominance- Hence, if a mutant arises, the secondary effect is ready 
to he brought into force immediately under the action of selection. 

In conclusion we may remark that mutations present a problem 
to the evolutionist, and yet they ate the seemingly obvious taw 
material on which evolution could work to produce change and 
variety. J. Huxley considered that the direct and complete proof 
that mutations are utilized in evolution has not yet been given, 
bat the evidence that they play a Large part in this piMSS is 
cumulative in spite of difficulties Over the *bow’ of the process. 
Nearly twenty years ago Huxley- wrote: 

The detailed analysis of the Jwt ecu or fifteen ytm, however, bns 
leveled laige numbers of gene differences with extremely small 
effects, down almost to the limit of detectability. It is nor oniy 
possible hut highly probable that amonp these ate to be sought the 
chief budding-block* of evolutionary change, and that it is by meins 
of small mutations nocahlv in the fofffl of senes of multiple allehc 
steps, each adjusted for viahlLiry and efficiency by cccombinatitiai 
aod further small mutations, that progressive and adaptive evointlon 
has occurred. 

Recombination alone, while it may product a very targe 
number of new combinations, is limited in its effects- Its 
potentiality is greatly increased by fhe iotroduction of now genei. 
*1954. s :$ti r p. us* 
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Chapter VI 

Modern 'Evolutionary Theory , Continued 

I. ISOLATION 

Tkit importance of Isolation ill evolution became recogrdzed in 
the early Dicwkiu days. In 1 ftdy Jenkins. critjctzcd the Dar¬ 
winian theory by pointing Out that a nateially selected favourable 
variation would be swamped by breeding arid lost as an effective 
agent in evolution. This difficulty no longer applies in the light of 
modern genetic?, but at the- time it raised a real problem. It was 
partially overcome by hforits Wagner- in iBGS who considered 
that, due to an innate tendency to migrate into new areas, animal 
populations became separated into smaller geographically isolated 
groups where natural selection COuld play its part and where the 
chances of swamping due to crossing would be greatly reduced. 
Later, In rS&y, Guliek published a theory of isolation. Gultck. 
teoognised two kinds of evolution, fa) monOtypic evolution, that 
is, evolution without change nf type, and (b) polytypic, Or diver¬ 
gent, evolution with change of type. It is the Jailer type which he 
considered accounts fen the teal evolution of species, GuLirit 
recognized eighteen dirFetcnt kinds of isolation, most of which 
effectively brought about a differential reproduction within the 
spedes. Romanes 3 also gave a detailed treatment of isolation as an 
agent in evolution. Although an ardent Darwinian, he recognised 
that selection alone could not account for the whole process of 
evolution. He emphasized a form of physiological isolation which 
prevents interbreeding between variants and parental form?. 

Since these earlier ideas isolation has become universally re¬ 
cognised as of major importance in evolution. The wold is self- 
explanatory, and it ia not necessary to give a detailed account here. 
Only a Cursory Outline of the chief ways in which isolation is 
brought about will be mentioned- Isolation in evolution means 
any mechanism which effectively prevents cross-breeding between 
the individuals of a species. In this wsv new varieties (mutants, 
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etc,) given a chance to extend and stabilise themselves. If 
CKiss-breedjng is constantly taking place a papulation reach 1 
position of equilibrium and so becomes Static in an evolutionary 
Unse- The mere multiplication of types docs not necessarily lead 
to genetic differences of evolutional y value in a popuktion. So 
that changes in members of such a population nifty nave lit tie 
chance of contributing to evolution. 

Isolation brings about divergence between varieties and species, 
and if it is a spatial isolation such divergence -works m an altered 
selection pressure in the isolated portions of an ftiea. There are 
many examples of geographical distribution of species showing 
the effect of isolation. It is V=H know that species ranging over a 
very wide continental area show a Urge number of subspecies and 
vatic ties each related to their own geographical niche. In some 
cases thetc is a continuous gradation of forms of a species from 
or.e extreme of (be area to the other with well-marked differences 
in the varieties inhabiting the extremes of the area, Sue in. the 
gcnerdl case distribution regions of varieties or races do not over¬ 
lap and this feet is well seen among groups of islands where the 
variation is much less in the centra] part of the group and much 

greater towards the periphery. 1 . 

There axe- two main types of isolating mechanisms* namely, 
geographical, or spatial, and biological isolation. The latter type 
may he conveniently sub-divided into fa) ecological isolation, 
fb\ physiological isolation and (c) gmetical isolation- 2 

In geographical isolation phots are mote affected than animals 
because tiny are sedentary and depend for extension of their 
distribution on the various seed and fruit dissemination methods. 
On the large scale geographical isolation is obviously brought 
about by hills, mountain chains, rivers, lakes, oceans, etc- In some 
vases the isolation may he absolutely complete, but this U probably 
tare. Even mountains and seas ate sometimes crossed by some 
species. These harrfers are* however, generally efficient, but even 
50 they do not account for ah of the cases of divergence of species 
brought about by spatial distribution. Skhmalhausen 2 considered 
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that the more limited partial isolation which only reduces cross¬ 
breeding without preventing lc is of great important* and is 
inherent itl the JTiete fact Chat individuals fehiefiy sedentarv nos) 
occupy different actual positions. He wrote : 'At thfi same dme, 
this partial limitation, which permits a rather eiecnsrv* inner- 
change of individuals of different population^ has tonsideraldc 
progressive value, for it helps preserve the plasticity of the 
organ Ism and the capacity for a. tnore rapid tempo of evolution.* 
Thus geographical or Spatial isoiadon, according to the degree 
in which jt is operative, prevents, or tends to prevent, mating 
between certain individuals and groups of individuals. Inevitably 
this causes 9 Species to be broken np into a number of disduct 
races and sub-species. According to Mayr 1 a species is a, re- 
ptoducdvelv isolated group of pGptdadftuS, and hence geo¬ 
graphical isolation will only ir.idate the process of tine Spcciadon, 
that JSj. Split ling of one species into two or more species, because 
melt spatial isolation need OOt. necessarily mean actual re- 
produedve isoladon which prevents ctoss^hieeding no matter 
how fai aputt the organisms axe. If the baci:er preventing inter¬ 
breeding k a small one, and is retrieved, interbreeding may occur 
unless there is also acme form of reproductive isolation. Thus 
geographical isolation produces varieties which are really ante, 
cedent to species formadon. The importance of geographical 
isolation in eyoludon is that it provides the environment in which 
isolating mechanisms actually preventing reproduction between 
related forms may be developed . 

The truly isolating mechanisms arc provided by the various 
cases of biological isoladon. Indeed, geographical isoladon is also 
diteedy connected to die biology of the organisms concerned. 
Species may be separated not only by distance, but alao by some 
ecological or physiological reasons present in the different areas of 
distribution. In many ways ecological and geographical isolation 
overlap and ate sometimes difficult to separate. Ecological, 
isoladon includes all those features of an area such as type of soil, 
light conditions, aititu de, temperature, depth of water for aquatic 
species, etc., and, more particularly, features such as seasonal 
divergence of races, and differences in mating times sxtd so on. 
Physiological isolation, broadly speaking, includes any barbers 
within tire organism which prevent breeding of a variety with foe 
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patents or its like, but which does not reader the variety itetUe 
iniirsty due to some physiological or morphological change in the 
reproductive and similar systems. If the sexes become inoom- 
parihlc for some reason such as differences in the structure of the 
genitatia, which is often seen in insect^ or for some Other similar 
cause, a different!&J fertility is set up between the varieties of the 
species which does not prevent them reproducing each with their 
own variety, but does prevent cross-breeding between the 
patents and other varieties. In higher animals physiological 
isolation of a sJmilai kind is seen in what is called psychic isolation 
due to some mental reason preventing actual mating. There may 
also be biochemical isolation produced by failure of Sex glands to 
develop properly in sterile hybrids, or chemical differences pre¬ 
venting actual conjugation Of the egg and sperm, or die pollen 
nucleus with the ovuie nucleus, Ot the growth of the pollen tube, 
etc. Apparently in some animals at least, such as MkrsphfHa 
QiivsiiQ a nd htf. siie difference is a mechanism affecting 

interbreeding between two Species. 1 Genetic isolation is really a 
type of physiological isolation hut is sufficiently different to the 
Other types of mechanisms operating Utldet this heading to 
warnne separate mention. The appropriate mechanism here 
indedes all disturbances nf meiosis leading to irregular divisions, 
such as lack of conjugation betweeu the chromosomes, Genetic 
isolauof) also results from what is called genic sterility in which a 
gene controls the viability of the organism. 2 Sterility due to 
chromosomal aberrations are often ultimately caused by alteration 
of the gene sequence on the chromosomes- Genetic and cyto- 
logical features SUctt S3 aneuplotdy and polyploidy ace also some¬ 
times responsible for much genedc isolation among populations. 
Many of these features have already been dealt with in CMpter J. 

Without going into any further detail we may say that isolation 
in All its various forms must play a vital part in species evolution, 
^fhen a species becomes subdivided into partially isolated local 
groups a great store of variability is built up in the species com¬ 
pared to the amount of variability in a random breeding population 
where there is little isolation. This isolation changes the selection 
pressure on the genetic cornpfesss of rhe species and overcomes 
the difficulty of lack of substantial evolutionary change due to the 
rare occurrence of favourable mutations. In the isolated population 
1 Stt W, p, ISlaJt, igj 5, - Sw Dobzh*tisVyj 154-3. 
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genetic Changes occur due to any favourable mutations and 
combination of genes. The isolated population becomes stabilized 
rhtough changes in the reproductive mechanisms and once this 
condition has been strained future mixing With Other varieties 
does not swamp them, but increases the chants of further 
divergence doe £o gene flow. Wright 1 considered chat under on 
interpretation of this kind H a continual kaleidoscopic shifting of 
the statistical characteristics of the local populations ss to be 
expected within any Species that occupies, not too densely,, a 
leflSOnahLy large range, A similar but slower shifting of dhaiaoHi 
is to be expected among the larger and more differ end* ted groups 
recognized as subspecies. The net result should be a gradual 
Shifting in the characters of the species' 9a a whole until the change 
becomes so great that a new species must be recognized. Sul> 
species on this view are only rarely incipient species. 1 

Wright’s conception of specJatfoti depends on pflttial isolation 
of small groups producing what he called genetic drift due to 
Accidents] sampling of the larger population* On the other lucid, 
David Lack 3 took a wider view of isolation and considered that 
the origin of Species is hound up with adaptive radiation, and he 
stressed the importance of ecological isolation rather than genetic 
isolation. In this process he gave the links in the chain as follows: 
>) geographical isolation of populations, (b) morphological 
differentiation, (c) partial inwr-Stetility and partial ecological 
divergence, (d) re-meeting, with persistence of each form as a 
new specks when both genetic and ecological isolation are 
Sufficient, (e) increased ecological teatciction and difFeientianon 
and increased specialization of each fotm to its motived niche, 
and (f) further geographical Spread of each form, with a repetition 
of the whole from (a) to (e). 1 in this way isolation caJl be seen to 
hegm a process of adaptive radiation which continues as the 
radiation expands; thus evolution forges ahead. 

2. SELECTION 

A. Gttoffd account 

The modern causal evolutionary theory js largely genetical, and 
muchofitis theoretically based Orl statis heal oonsitietatiOns. While 
it still includes the old idea of ‘natural Selection 1 , this tenet of the 
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old Darwinism has now found its rightful place as one of the most 
important: Erton of evolution. The modem theory IS not merely 
a resuscitated NcO-Datwinism, it is in Fact very different ftnrtl the 
original Darwinism. Its mated*! is down &om many sources 
which were unknown to Darwin. The older idea of amaU 
advantageous and almost individual variations continuously and 
unidirectional selected over a Long period of time, M of the 
incessant Struggle between species, Lias really been laLgdy 
superseded. The poetic idea, for mutant*, of nature red in tooth 
and daw* is anathema to the modem evolutionist. 1 he Strength 
and appeal of the modern evolutionary theory lies in its con¬ 
nection with the chromosome theory of heredity, and it rends -o 
reel'd the adaptive ot evolutionary unit as a population rather 
dnar as an i ndividuai. Usually the individual only plays 1 telatively 
minor role in evolution, and selection of individuals thus no 
longer has the force which it wftS once thought 50 have. Tins- 
SfiBKit, of course, docs not imply that sometime* one 0£ two 
jxfoubalt may not produce a OCW form, for this rn fact 13 known 
to occur There is nothing in evolutionary mechanisms so fat 4S IS 
known to prevent a single (or a pair) of individual trom directly 
producing a new lint in evolution [see footnote a, page a 3°> 
Selection, of course, still operates, Send is of very great importance, 
hut it is not Looked upon so much as an agent of elimination ag 
one Which beings about a differential reproduction among 
members of a group and -SO tends to produce a shift m (he modal 
■abrasion of that group, thus leading to change and evolution. 

Some very keen modern evolutionists, however, still tend 
to revere selection to sortie extent. Indeed, G- G. Simpson 1 
considered it to he a creative facto* in. evolution, when in reality 
it has nothing to do With origins except remotely because it can 
only operate on things already in existence. Some evolutionists 
art very dogmatic and rather confused in their meaning here in a 
subject which so dearly bristles with factual, cmoti’Or.ai, methodo- 
lagical, linguistic and even scientific difficulties. For example, 
1, Holmes 1 wrore about the 'creative role 1 assigned to selection; 
while of those who say that natural selection originates nothing. 
G, C. Nutting 1 remarked: “I must confess to scant patience with 
this view.' On the other hand H. J. Mulieft considered that it a 
semantically confiiSed to dispute whether natural selection is 
11Ml. a i$*t. 4 if49- 
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creative. It obviously depend* on the meaning we give to the word 
"creation’, which 3S true enough.; but this word has always had 
a precise meaning with fundamental connotations. Mullet con¬ 
tended that natural Selection, by eliminating the unlit, sera the 
conditions foi; the fit to become actual (them is a play of words 
here, because both the fit and the unfit ate actual brfc-rc section 
Operates'. Midler asserted that this process is more "creative’ than 
the sculptor who creates his Statues, or the poet who wr-KS his 
poems- He said the image in a sects* WAS latent in due block of 
Stone. But it is precisely such a misuse of words and concepts 
which renders evolutionary theory so unpalatable to many non- 
btologasts. The image of the statue is latent only in the mind of a 
scuEptOr and without him there could never be any Statue; 
hut -whether the statue is ever made ot not, the image could 
continue to must in the scniptotV mind- Creation is ultimately the 
work of a rational conscious being and finally connects K> the 
production of something Out Of nothing bv the Creator. It would 
seem to be preferable to limit the meaning ot the word to this 
unique work rathet than to use it in what can only he a com¬ 
pletely different sense, unless its use in this sense is clearly in¬ 
dicated. Creation by selection is a derived and not a primary 
effect. 1 Otherwise a semantic confusion of the selectionist'* 
making tends to arise. Those who deify a elec don in this way ate 
playing a dubious game because they may produce a wrong im¬ 
pression in the mines of people who read their writings and who 
have not sufficient background to counteract the implied sug¬ 
gestion of the use of the word to represent a primary creative 
agent. Such people then tend to equate selection in their mind* 
with the Creator. Such false or weak analogies do not lead to 
clarification and progress, . 

A a the modern theory of cyoludon progressed it has become 
noticeable that the place of selection in it ha* receded and at rile 
same dm* has become stabilised and clarified. The original idea 
of selection was chat of a concept covering everything which 
affected the organism, and hence it was a truism and was rendered 
meaningless to » eonsidetable extent. But. out of it arose the work 
which now analyses tile internal and external environment of the 

1 Tha wft«l 'frvaticiv in ptriptrlv uwd Lit cl'.rue. ways. (*J abralu-.i: cMMfiUrt by God 
aleiW, (b) iknvativB ci^stiiKi tti creiirtufL tbitugli. (hfi ficclovi of secondary causes 
?:id '•:/ creation, by jatiaraJ snan Jss* Msvart, :S?i j. 
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organism, and it is this analysis which shows that there h no single 
causal factor of evolution, W instead a multitude of farces surd 
sedans producing effects, the resultant of which we call evolution. 
This position which evohafotMiy theory now occupies has been 
bsought about largely by genetics and its mathematacal analysis 
Afld the co-Operation of all types of biologists such as ecologists, 
cytologiscs f morphologists, etc. This advance in evolutionary 
theory was ably summed up by one of the soremOSC mathematical 
selectionists as early as when, the modern theory was just 

beEinning to be visualized. Sewall Wright 1 wtocei 

Summing up, I have airemptcri. to form a judgment as to the con¬ 
ations for evolution, baaed on the statistical consequences of 
Mendelian heredity. The most general conclusion is that evolution 
depends or. a certain balance among lcs factora. There must be gene 
mutation, but an Massive rare gives an array offbeats, not evolution; 
there must be selection but too ievore a process destroys the field of 
variability and thus the basis for further advance ; prevalence of focal 
Inbreeding within a secies has extremely important evolutionary 
consequences but too dose i inbreeding leads merely ro extinction. A 
certain amount of cross-breeding is favourable but not too much. In 
this dependence on balance, the- species is lake a living organism. At 
all levels of organisation, life depends on the maintenance of a certain 
balance among Its factors. 

And while Wright regarded selection as the guiding principle of 
evolution, the recognition of a necessary balance of the factors 
involved represented a great advance on the alder position. In 
{election rheory a distinction should always be made between the 
operation of selection and the mere ability of atl organism to live 
in adverse circumstances. 

The use of mathematics in physics and chemistry is well 
understood and its position is cleat; but in biology generally the 
place of mathematics stands in a different relation to its use in all 
the sciences on inanimate objects. A criticism of R. A. 1'isher’s 
use of mathematics in biology and of his fundamental theory of 
natural selection which has been generally overlooked was given 
by w. R. Thompson 1 who pointed out that the use of mathematics 
in biology furnishes os at best with a mathematical analogy* and 
even when nroperly stated and posed the analogy strips the 
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biological situation of one of its most specific characteristics. As 
far as evolution i.S concerned the chief characteristics are those of 
the self-regulatory power of the organism and the fact that it is a 
CO-otdinated unity. As Thompson said' Tn short; mathematics 
is not a substitute for experiment; neither is mathematics ex¬ 
perimental- It is not necessary to go to Nature to demonstrate the 
truths of mathematics. On the Other hand, this essentia] in¬ 
dependence of mathematics in regard to Nature prevents it, in a 
sense, from getting any ieal hold on Nature, Only observation 
and experiment can tell us what really happens . 1 * 

Nowadays it is generally agreed among evolutionists that while 
many factors operate in the evolution of species, the four most 
important Ones are mutation, recombination, isolation and 
selection. It IS probable that these factors may have to Operate 
continually before any permanent change may he produced in the 
species. If one of the factors is absent or in abeyance, in any 
particular case, then evolution in that case might cease—the 
population of individuals concerned would become largely static. 
Put shortly we may say that mutation is die source, ot basic Origin, 
Of new, possibly evolutionary, material; recombination in¬ 
corporates the flew mutation into the established System; selection 
gives direction to the effect of the new material If if has adaptive 
value; while isolation enables the new material to become 
established, allowing it later to evolve along its own lines. Whale 
all these factors operate in evolution, and as Sewall Wright said, a 
proper balance between them :s necessary, it is easy to see how 
selection came to be regarded as the guiding force, or even as a 
'creative 1 factor, because during the long time scale of evolution 
many mutations may arise and all combination's of them among 
themselves and among the stock already in existence may occur, 
but it is selection which determines the response of the com¬ 
binations in any environment. Selection thus becomes the 
directive of evolution. It should be remembered that the 
orgamsms which are being selected ate themselves a part of the 
selective process, 'The interaction of organisms with each other, 
and with thefe environment, produces selection, Thus selection 
'par is' is an end result rather than a beginning, but in the complex 
mlitfi of Irving things selection appears to he in continuous 
operation as a process or active agent always present- Such an 
agent is not one which cculd work by chance—election Is in fact 
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very probably a law-abiding process* which fewure becomes mote 
and more obvioas as research Oil evolution prococds.1 We may 
aay that, to die biologist, evolution in the past simulated a ciiance 
jjioocsr because of the too dominant position given to the 
selective factor, and because of the extreme complexity of the 
evolutionary mechanism^—no biologist today ivonld he rash 
enough to claim (hat we have solved evolutionary problems; he 
would more likely say we have only touched the fringe. Chance 
arises in evolution in the sense dint any new mutation which 
appears is untried and its effect unknown. Tit: laws governing the 
production of mutations are not by any meins known, and until 
rhey are and demonstrate the process beyond doubt, then there is 
strong a. priori probability that they arise in response to deLmite 
productive conditions and for definite reasons. 

Dobzhansky^ pointed out that selection theory is essentially 
one of the mechanisms of odapfa&n of organisms to thtit 
environment and only secondarily a theory of evolutionary 
emaoiim. Because selection seems to he such a. guiding force 
in evolution many modem, evolutionists tend to equate the 
phenomena of adaptation and evolution. They consider that a 
demonstration of the way in which ail organism has become 
adapted to ire surtoundi ngs gives evidence of the way in which it 
hss evolved, which is true enough but may not be tbe whole truth. 

The term adaptation ss used above involves two distinct biologies! 
concepts which are difficult to define 1 —these are ad&pt?dntSt Ufld 
vwptnikti. An organism may he adapted to a set of conditions in a 
given environment hut may not possess the means of adaptability 
tu another environment. Adaptedness is sometimes equated with 
fitness to live in an environment and with selective value which is a 
measure of selection because the ability of an organism to survive 
indicates that -selection has acted positively on it. Adaptecr.ess is a 
quality, while On the Other hand an adaptation, strictly speaking, ia 
the characteristic which gives fldaptedocss. Thus the origin of 
adaptations in the fuller Sense is concerned with the genes in an 
organism, in conjunction with their ability to survive in which 
selection is the guiding factor. When ad apt c dr. ess is progressive j 
and includes also adaptability, then adaptation becomes a majot 

1 Thil jrjipnrtanr point alrou^ fcrketim was itmngly ennphi-ilfitd by ce Brtt 
[t jj J), Introduction. Sm slw> JV- +6 and pp. It. 
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criterion of evolution. And so K. A. Fisher 1 could say ‘jfoe 
rational systems of evolution, that is for theories which make at 
lease the most familial facts intelligible Eo the reason, we must turn 
to those that make progressive adaptation the driving force of the 
process. 5 As this driving force is considered to be overwhelmingly 
that of selection, we can see again bow important selection is in 
evolutionary thcory. 

Up to die present, however, we have only indicated that 
selection theory in evolution arose as a deduction made initially 
by Charles Darwin from the facts of overproduction, variation, 
etc. It is necessary now to examine some of the evidence For the 
actual occurrence of selection in nature. The grosser kinds of 
selection, such as the struggle for existence and competition 
between Spedes, ace practically self-evident jn nature, but these, 
while effective- in evolution up to a point, ace only one mani¬ 
festation of selection, as a ■whole. Competition as such may also in 
■some cases tend to eliminate both good and had variations rather 
indiscriminately, and its long-term effects are thereby nullified. 
Jt is at this point that the original Darwinism pacts company with 
its modern developments. 

The evidence that selection operates in nature is obtained from 
various sources , bonus of it concerns, observations made on a. few 
individuals, or Ofi popular sons, in the natural stare, while some of 
it IS indirect, carried out on organisms in the laboratory. The 
difficulty regarding selection experiments in the laboratory is to 
he sure that the effects of artificial selection. Jiavc been eliminated. 
In practice it is often difficult tJO be certain cf this. The aim of the 
observations, both direct and indirect, is to determine whether 
one type of organism is somehow chosen s* that it is given a pre¬ 
ferential death rale as against anotbec type which is selected 
against- There ia not a great deal of direct evidence for natutal 
selection because it is difficult to obtain pjicdsc result? especially 
under natutal conditions where so many, perhaps extraneous, 
factors are in operation. Nevertheless there is a sprickly growing 
mass of information both of the laboratory type and of the field 
type. The former type is often concerned with artificial selection, 
that is, mam-made selection, but there is obviously an analogical 
relation between nantral and artificial selection, but the analogy 
must not be stressed too far. It is reasonable to assume that a 
1 i9j&. 
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tneS-Suee of one tvp c of selection may furnish. 3- measure of die. 
Other type, and the efibets of one type may bt used to assist in the 
formulation of die effects of the Other type, Rigid proof of selection 
is almost impossible to obtain in any particular ease, ar.o while 
selection is not evolution, this fact applies erect mote so if selection 
Is regarded US a causfll agent in evolution, because to show that 
the selective process has in fid changed a race of OtgSft isms -0 afl 
evolutionary sense involves SO- many factors which it 15 exceedingly 
difficult to consider simultaneously in any one case. 

Nevertheless, some, time this difficulty will have to be overcome. 
This important problem is well Etated by ilatheE 1, who wrote, 

W must chcrefoK aim it aeeanging out observations so mar certain 
oF die factors may be eliminated from the immediate consideration, 
oe may ar least be the sublets of plausible assumption. In eliii w'ay 
•ne. may seek to analyse and disoiSS the effects of the various agencies 
a few at a time, though we must never forget that ultimately the fu.1] 
complexity of their interpliy must be freed. Out device of mneriala 
ir.dcsperLTUtatal procedure wifi bt governed by these consideeRoans^ 

Hence, generally speaking, the evidence 60 s natural selection is 
partial in any one case, but iiv fp/ti in ts cumulative. Id actual practice 
the conclusions drawn from- selection experiments or observations 
often depend on die argument that, unless selection he granted 
then the attainment of some explanation becomes impossible or 
unreasonable, while, granted selection, a perfectly reasonable 
scientific explanation booomes possible and leads to fucchcr 
clanF.ration, of the issue 3 involved. It !9 just as well to bear in 
mind here that few responsible scientists claim that such a 
scientific explanation is necessarily the ultimate explanation, 
although, of course, it may bc- 

Bcfote giving an account of actual evidence for selection we 
may state the criteria which are, of course, the yardstick by which 
all experiments on selection, should he judged- These have been 
stated by Mather and by PearL VFe have already quoted Mather's 
summing-up regarding his criietia r Mather," in line with modem 
practice, was concerned with the effects of selection on populations, 
not OH individuals, and he maintained that the response of a 
population to selection depends on three sets of factors, These 
arer(a) the types and strengths of the selective forces in operation^ 

1 i M j, p, 1 j B. * S« fbotntfi; t , p. 1 JW * i« t- 
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(b) tbs action and interaction of the genes producing the effects, 
because, while the outward effect is seen in the phenotype of the 
population, the transrnUston of the effect lies in the genotype; and 

(c) the amount, distribution and system of genetic variability in 
the population. Pearl 1 formulated his criteria as the logical 
requirements for a proof that selection has actually changed a rag^ 
or variety, There are five of them, as follows; (a) proof of 
soinat ic differences herween snitvivots and eliminated; (b] proof 
of genetic differences between survivors and eliminated; (c) proof 
of effective time of elimination; (d) proof of somatic alteration of 
a race; and (c) proof of genetic alteration of a race. 

The ultimate demonstration of the effectiveness of Selection in 
evolution still seems to be wanting. As far as wc know no single 
investigation of a particular case of selection has satisfied or 
included all of Mather's and ot Pearl's requirements . It is open to 
argument, of course* whether all of these criteria need be 
Stringently and simultaneously satisfied. Modern selectionists 
often define evolution in a limited sense to suit their purpose. If 
they show, either practically or theoretically, that a population has 
changed, that is evolution, and it is true. But that is not evolution 
tn the more complete sense of Darwin of an ultimate descent of all 
organisms from one or a few primordial ancestors. 'Thus, much 
of modern selection theory assumes the occurrence of ail but a 
limited type of evolution, it assumes sc lection to a certain extent 
and it assumes the effectiveness of small changes in species cm a 
longterm basis. Its success lies in the fact that it is able to give a 
satisfactory explanation of change in nature, hut the methodo¬ 
logical ptOOSsS it involves is finally deductive- not inductive and is 
completely dependent on its premisses. Other deductions based 
on the same erperiiujcnts and observations, but on, different 
premisses, are possible and in fact have been advanced. 2 

3. Evidtmt for tbs ossftrrsrict of seJectim 

(a) Earlttr abitrwthns and exptrwtais 

The main lines of evidence for the occurrence of selection will be 
briefly reviewed here. 2 Previous to the formulation of the theory 
of the gene by Morgan several of the earlier Darwinians made 

3 igid - See CjejdscLir.i^t, l 7tvi, 

3 DersuEd accmmia will ht foui>i In Rcibson & FJiiixudi, Dohxl’.-i!.ifXy 
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olmn ulio m in nature and performed experiments purporting to 
stifjw the action of selection. The chief of these, stated in 

chronological Dcdet. are as follows. 

In 1856 Kane claimed to show that theft W selection for a 
black variety of CampfS^fiBiiao bflinsate. In iBj8 Jameson 
olsserved the mice on an island in Dublin Bay and found that owls 
and hawks on the island eliminated the darker coloured forms 
quicker than the lighter coloured form*. These latter types 
resembled the sandy background and they had a natural advatto 
age They were in great excess in the population, 'tt'eldesn 1 
claimed to show' that shore crabs (Orraisr ^ Plymouth 

Sound which possessed sl narrow carapace were selected against 
those with a wider carapace. In 1&99 also, EumpuS found that 
English sparrows in America possessing certain structural 
features were, selected by strong winds against those sparrows 
lacking those structural features. In ijii Harris submitted 
BumpuS 3 work to a statistical analysis and confirmed his con¬ 
clusion- Also in 1S99 Pouteon and Smadeis exposed the pupae of 
V*wjm M-tiait on different contrastingly coloured backgrounds 
and found a selective elimination by birds. CramptOrT* made a 
vtr y comprehensive study of over-wintering pupa* of PMasa/nia 
(jAthut. He collected Efge numbers of oocOOHS and examined 
them to SOC if they were alive or dead. By means of measurements 
he showed chat fit lies to survive was dependent upon a proper efr 
oieiination of structural and functional characters, Davenport in 
l$Di found a differential elimination of black and white chickens 
by crows among fioeka consisting or hlflck. white and pencilled 
birds. Finally Thompson. Bell and Pearson in 1911 found 
selection of a race of wasp {Vtjpo while in 151J Lutz 

estimated the Survival value of some structural features of 
Dmreptifo after Starving them during their embryonic develop¬ 
ment. 

rtj) Lufsr tii rttf obitrvatiwsf experiment ,r 

He slop Harrison 3 found evidence of changes In populations and 
of the effect of selection on local races of Oporabht a/fUtfanaia. T ms 
moth ranged OV*r die whole Qi Eaton Moor in the Cleveland 
district of Yorkshire appatendy from the Middle Ages up to 
iBfio by which time the area had been split up into eastern and 

* tSjj. 3 1904- a £ £ 1()i 
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western plantation areas, separated by a half-mile belt of bracken 
and heather. The moths were confined to die woods because of 
their feeding habits. Originally both woods had been coniferous 
with a little birgb and alder- But in the course of time a gale had 
destroyed the trees in the weaLcm wood and the conifers became 
largely replaced by bitch. Harrison found that there was a 
definite selective diimoadoa of lighter coin wed forms of Opot^bia 
in the dark coniferous wood even when the proportion of dark tn 
Light coloured Forms was as high as rj ; j, The predators were 
identified as bats arid owls which selected the light coloured moths 
resting oo the dark trees during the alight. 

A thorough investigation was carried Out by Quayle 3 and Other 
workers in the field and in the laboratory on the genetics, phy¬ 
siology and distribution of resistance in types of scafe insects. 
These Garriy ot scale insects, ravage ihft citrus groves oil the 
western seaboard of America. Hydrocyanic add Sprays are 
generally used against these pests, but in ] 4 Melinda produced 

evidence showing chut immunity co this poison was developing 
in the insects,, and in tbft SSme year Quayle found that the red scale 
{Amdiitk swrantid) was still abundant after spraying with hydro¬ 
cyanic acid in some orchards in California, while in nearby 
orchards Spraying had been successful. By 19J7 the assistance had 
persisted and bad spread to more outlying districts, Then Quayle 3 
and Lindgren 3 and others began systematic work On the injects, 
Two types of red scale were found—a resistant and a mon- 
resistant nice. Over four generations this difference in resistance 
was maintained. Insects resistant to hydrocyanic acid were also 
relatively more resistant bo other insecticides. Indications wbec 
that the resistance was due to some genetic factoi and indeed 
Dickson* showed in 1940 tbit the hybrid between a cross of 
resistant by non-resistant was intermediate wsdi eespeCt to the 
condition and resistance was controlled by a scK-imkcd factor. 
Quayle also found anodiei scale insect which developed a resistant 
type and the latter spread to neighbouring groves very rapidly. 
Other workers have Studied other local resistant races which arose 
spontaneously. 1 It is considered that these resistant races were 
enabled to spread by selection which eliminated the non-resistant 

s tfSB, 1 W' 
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insects. It seems probable that these insects spread ftom an 
original focal area. 

A somewhat similar story concerns the Codling Moth {Car* 
pnatua 6mmUo\ SI serious pest of apple and pear trees in Colorado 
and Virginia. This insect seemed not only to show an increased 
resistance; to the usual sprays but was also spreading to walnut 

trees/ . * , , 

r \ vtI u "tat example of the action of selection was given by 

Sheppard, artd Cain and Sheppard, using the snail Op<m *tmr*fa* 
This snail is phenotypically polymorphic, editing \a Forms which 
are variously banded; these forms haeve existed since Neolithic 
times-, thus indicating [hat the lranded patterns have survival 
vahje/Oth« biologists, however, have thought that the patterns 
are relatively neutral/ Cain and Sheppard,* by examining random 
samples from many populations of the snails, found that them 
was a grfifltee preponderance of yellow-banded snails on greener 
backgrounds, and on the more umform backgrounds the number 
of effectively banded shells was much lowa. When the snails 
were studied on the basis of their environment it was found! 
that those in similar environments tea enabled each other more 
than snails from dissimilar habitats and the variation in the 
patterns was greatest the greater the. variation of the background, 
these observations suggested thac certain types of snails were 
being selected on certain backgrounds and indeed this was proved 
EO be the case when, later, Sheppard, using marked shells, and 
hy examining thrush 'anvils' (i.e., the Stones against which the 
birds crush the snails to break the sheila), found chat the Song 
Thrush (TjOT&t srkstvrm) in fact killed greater numbers of yellow' 
oolcuted snails Otl a brown background and more pink and brown 
ones on a green background- 4 

While collecting insects from ponds Poph&nT nocked that the 
colour of mast specks of the Water Boatman matched that of their 
background. By measuring the colour variation of die insects 
and of the background, using a standard Ostwftld colour chatt, he 
showed that the species of Watet Boatman were at ea£c cm a hatk- 
giound of the same, or similar* colour to themselves, hut «P5 
restless and attempted to fly away on ft differently coloured back- 

* 5*s Hough, l£H,and Smith, lp4t- 
■ Shr pnr.cd, 1«], W*, T 93 4; Cak flKfd Sh=Ppnid, *95°- 
* SeeDjvcr, igijr. * See Hip, 1-94*. 'PI 0 ' 
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ground* In his experiments he used larg£ Ettnks filled 'with water 
to a fixed, depth; the bottom of the tanks Was covered with 
mixtures of cement, sand and cmejy to give a series of definite 
colour values. The insect used was Antoasrim dkifccta and die 
predator was the Rudd (Lmwmr etyihntphtbaimtfi]. In various 
cOinljJnatior.s of coloured backgrounds and insects it was found 
that insects with a colour value resembling that of the background 
were protected. Popham also varied the light intensity and found 
that this affected the power of the Rudd to discriminate between 
the insects* SimiLar results were obtained when the number of 
insects were decreased or the number of predators was Increased. 
In tnboed sizes Of insects the Rudd chose the intermediate gises. 
Popham concluded from these elaborate experiments that adaptive 
coloration of the insecc has a certain selective value hui selection 
was not the only factor at work. 

Some more or less direct account of changes in whole 
populations over a period of years have teen published, It is 
inferred from these observations that selection is the agent 
responsible for the changes. For example, the mdanie (blade) 
form of the peppered moth (A Hfpbsdotyt btisskris) was first found 
near Manchester In i ft 5 o* bnc new :t hag supplanted the original; 
non-melanic form In many places. The diurnal butterfly Hsudtv 
pblstat L. has a very wide distribution Over most of the northern 
hemisphere* but the variety from Madeira shows little affinity 
with those from Other areas. Ford 1 crammed the collections made 
by ^'oUaston, and, on comparing them with his own collccdang 
caught about seventy or eighty years liter* found that there were 
slight but definite diffeienccs in the populations. Ford'* also 
described an interesting eK&tnple of variation of a population of 
tbs Mush Fririlkcy {Eupkydrfai dwrijjw), We quote the relevant 
paragraph: 

The species was <pLoe common in 1BB1, and gradually increased 
undl by 189^ it had become exceedingly abundant, AfieC the 
uumbets began to decline, and from 1906 to 191a ic wis quite acaict 
From 1915 to i9tg it was v«y rare, so that a few specimens only 
mulct I'M a. l i|£r each year as 1 reS-ulL cf lOflg-OOntirtUCcl Starch, wbeit 
once they wete to be seen in thousands* From igto to 1916 the 
butterfly had become excessively cOnunsn*. and SO it remained until 
Wt ceased our observations Ln 15 jj* 

■ jjij- 34 , 1 154:3, pp. 
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[Jit papulation was sin all variation was low and the pnpu kt- 
tion consisted practically or a Constant form; when the pupulatiiotl 
wag large variation was extreme, Ford inferred that the environ¬ 
ment determines the size oftbc population and that, in KBWeqUMLce, 
when it was small selection would be iiltwise and variation would 
lie at a minimum; but when the population was large and the 
environment favourable selection would be weak allowing For 
much variation. 

Wc have already mentioned the Black Peppered Math, and itl 
gcnexal, industrial melanism in insects furnishes good examples of 
changes in population over a period of yeMS- The changes ate 
apparently brought about by the selective elimination of one type„ 
or the preferential selection of a new type in relation to the 
habitat. In general the darker coloured varieties are favoured 
against the lighter coloured varieties, especially in industrial areas. 
There are many examples ot the spread of industrial melamcs and 
good accounts were given by Ford 1 and Hzsehrook., 3 Ford also 
foyfld that the mehric forms were often more robust than the 
lighter coloured types and indeed Heslop Harrison in i$ao bad 
already noticed this feature. 

It is scarcely possible to examine wild colonies of bacteria 
directly; they must always be grown in the laboratory for 
sustained examination. It is doubtless true tint in the case of sadl 
organisms comprehensive culture experiments give an indmatinn 
of the effect of selection as it exists in nature. In 1530 Todd 
reported the effects of selection on SirtpfoiaiftiJ bscmohiiaiSy the 
cauSi of puerperal fever and scarlet fever. When this bacterium 
was grown on agar {a prepared jelly obtained from seaweed) it 
soOn lost its virulence and infectibihty. Todd found that it 
produced hydrogen peroxide and in culture this substance WW 
toxic to it. Mutations > however, arose which did not produce this 
hydrogen psTCuddCi Of at least formed much less of it compared 
with the normal strain, Hence the mutants, could live ill the 
culture .medium but they were less vitulftdt. 

Recently K. C. Atwood ft tf/. 1 made a long-term population 
Study of the ljacCerium Hscberscbsa cols in which the experimental 
cultures were allowed to grow for periods varying between, a few 
weeks to six months. They found i series of mutation s which had 

1 wy, B 
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small differences in adaptive value. Wheel these mtrjants wftre 
allowed to exist in a population the latter became replaced, by a 
new one consisting Of die mutant types. The type Of Selection 
involved here is called periodic silteHos because it acts in the same 
way as a periodic artificial selection would act by Isolating a few 
bacterial cells at intervals- in order to state new populations, The 
selection [5 further non-specific, that is, it simultaneously alters the 
frequencies in a population of a, number of unrelated mutationR. 
Hence, as the population ages, all mutants except the SraaLl 
adaptive ones will be eliminated, and the population will have 
changed. But the process is reversible by means of an alteration in. 
the environment. As we have already mentioned, in ijjaS 
F. G tcffith discovered that a transformation (or ‘mutation 3 ) could 
he induced in uonncapEukted pneumococci by addidon of extract 
of an encapsulated form to the medium i n which the former was 
growing. Since then other transformations in various bacteria 
have beer, described. Study of these changes shows chat different 
ones were selected In different environments. A detailed account 
of these changes was given by White, Robinson and Barnes* and 
DobEhansky.- 

c) Mtdsrx indinti &bitrvatians 

While the direct quantitative experiments showing the 
occurrence of selection are few in number, there is an increasing 
number of indirect laboratory Ot garden experiments of many 
different kinds. It is important to know of these In order to 
appreciate the dimensions and comprehensiveness of the selection 
process, and to form an opinion of its vfllue in nature and In 
evolution. A selection of these experiments is given below. 

A number Of weU planned and informative examples of the 
action nf selection in dosely related but sharply delimited varieties 
of plants have been given since Turcsson 3 illttoduced the term 
tt&fypt . The chief contributors to this work have been Tucesson - 1 
in Sweden, Tuttill and his colleagues 4 in England, Giegor s in 
England, Clausen, Keck and Hiesey 1 in America, Sukatschew 7 in 
Russia and many other botanists. 

Well-marked varieties* particularly of plants, often grow in 
distinct habitats. Sometimes, they are confined to a particular 

1 I51jS. a c 93 1 - a 1911, ijjuj, tjuA ipij), tpir- 
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habitat. TuiMion transferred sercral form* of this kind to his 
garden and found that they bred tine to thCLr special diagnostic 
morphok-iTlcal feature. He- called such forms Many 

sp( 4es ate found W possess several ecotypes «ld apparently they 
enable, the spedes to adapt itself to local environmental con¬ 
ditions- If the environment changes, SOtne ecOt^es may oc 
selected against, SO that a change in the frequencies of occurcenocs 
of the ecotypes ii product and in this way ft population nifty be. 
altered in composition. Experiments of this food which mvo ve 
HWBfcmflg plants from the wild to experimental plots are called 
transDlmr experiment*.. The plants Me then Studied at all Stages 
D f mowth and much information is given. For enamp-c Tumi 
summed up some of the results Of Marsdcn-Jones and TunM* 
and found that over St ten-year period 'Every speaeS tw 
ayferenlly from every Other, though, a dassiheanon of »dODI 
is possible if my class is diagnosed by a certain range of behaviour 
Thus, to take a few examples, Gmtaxrei mmnOit survives well on 
aU sods but show* little morphological change OO an Ti PiMtag? 
mjer I* very quickly reacts to the different sails by most con¬ 
spicuous changes in site, number, orientation, etc., Ot vegetative 
and reproductive organs; PhltW m&m# and P. pr*tm& show, on 
the live soils, slowly marked quantitative differences, bat tiww are 
more sWy cumulative; several spedes show differential death 
rates with Of without Structural changes. The greatest and most 
rapid changes have been recorded for Platan Major L, an 
extremely elastic species. Here, phenotypes have been produced 
within two years, from seedlings and faun ramets 3 of a single 
clone/ which have been classed as varieties and sub-spcdfiS U1 a 

rerent monograph cf the genus.' _ , 

Suhatechew 4 studied the dandelion (TantxanM ojfit trait) by 
taking three individual plants from a field- From these plants 
three Clones/ A, b, and C respectively, were obtained which 
could be morphologically distinguished. These strains and theLr 
descendants were then dealt with on experimental plots, and the 
seedlings were planted in two different densities, vit, a lower 
density of ro ems. and * higher density cf 50 ems- between each 
seedling. The plants were allowed H> grow for two years and then 

1194a. * i«ts rpiB-mfl t rflM9j8. 
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the number of the surviving types was counted. The results are 
given below. Ac the same time plots were set un of all dirge 
clones mixed together and the results recorded after two years, 
These results arc given in brackets below. 

PtrctRt&%{ numb&? of pfattti kri 

Density Clone A Gone is Clone C 

Low ji.t (aa.i) io.j (j.j) 

73 ■*<?*'+) J1.z( 77h Q 7J.J) faa.B) 

In the single strains those at a low denti cy J LI done C survived 
best, while at a high density those of done B were most viable. 
In the mixed groups those in clone C. were much more viable than 
those in either clones A or iJ. Fie carried nut Other similar ex¬ 
periments with varieties from diffeient regions of Russia and 
obtained similar results showing that differences in viability 
depended CO a large OiteJlt On the environmental conditions undec 
which the plants were growing. 

As an example of Turesson's work wc may mention Ids study of 
the alpine ecotypes QtSoJiJqgitvifjtOHriaS or his work with Hkrmiusr 
umktUdSuK.' 1 In rhe latter case there were two ecotypes of 
HEfrucHfiWj one growing only on sand-dunes and the Other Only on 
sea-cliffs, These habitats alternate on the southern coasrs of 
Sweden, as do the ecotypes. 

Some observations have also been made on insect populations. 
Fot instance, Timofeeff-Ressovsky 2 cultured samples cf Drosopbild 
mai&agasW with various geographical races Of D. futirbris and 
found that the survival value of the former was higher than that 
of the latter; the races Of fwifbrsr difleicd in survival value among 
themselves. There are two races of Dmcfttik pnK4o-sbsfrira s Race 
A which inhabits regions with a hot summer and Race B which 
prefers more temperate regions. Race A lays more eggs at a high 
temperature than Race B and at a lower temperature Race B lays 
more than Race A. 4 Reed and Rcedt and MercIB worked on 
problems of selection between the wild type red-eyed DnriBphiia 
and the white-eyed mutant. They found chat, in mixed cultures of 
the flies, both the red and white females chase red-eyed males as, 

1 3-pzj, : yj, [, 7 Ijai. 
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mates as against the white-eyed males which were thus selected 
agflinSE. I/Hffritfci and Teissier' cultured mixtures of various 
type* of Dr&nptib mutants in known proportions. They found 
that in a mixture of normal winged and vestigial winged i-'es 
exposed to the influence of the wind, the prnpotrinn of the 
vestigial flies- inrartJed > but in a mixture of normak and bar-eye 
mutants the proportion qf the latter decreased. Also in a mixed 
population of normal, ebony' mutants and the hybrids, between 
them, the hybrid showed a- selective advantage. Finally, Spencer 2 
found that undet normal conditions the vestigial mutant of 
Drosoptiis was less viable than the normal fly, but when fond and 
water were scarce die viability of these flics was increased. 

The topics of mimicry and protective coloration In animals 
should rightly be considered at this point. Under both of these 
subjects there are plenty of good examples of the action of 
selection among organisms. The subjects, however, are large and 
cannot be shortly summarized. For fuller information of them 
the reader ig referred toH. S.Cott's AdaptiMCekrutisB a's Anintake 
One or two illustrations from among many will be mentioned 
here. Many animals require to protect themselves from the 
ravages of predators if they arc Jo survive. Arid the animal? do 
this in many different ways, which may be summed up under the 
headings of mimicry and protective coloration. As Cott* said; 
Innumerable animals, inhabiting all kinds of surroundings, rend 
to wear on their bodies a cryptic dress.' They do this by means of 
a host of colon rings and elaborate patterns oo theit bodies 01 on 
cheil wingg if they are insects- Thus the appearance of the animal 
comes to resemble the background on which it lives and pre¬ 
dators find it difficult to distinguish between the animal and the 
background. Often those that ate out of place as it were wiU be 
selected against and thus destroyed. Thus in nature animals 
which ate protected by some means of this kind show a lowet 
death rate compared with those which arc unprotected. There is a 
differential death rate between protected and unprotected animals, 
In mimicry an animal seems to copy the pattern Or colour of aU 
animal which is already protected by reason of its pattern or 
colour. Sometimes inanimate object? arc mimicked. Famous 
examples of these form? arc rhe various stick insects which 
resemble sticks and those which resemble leaves. 

1 1 and i SJ 7 . 5 isi*. 3 3 P 4 0 - 
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AniraaE;; in general do not eat iodiscriminatelv but choose thdr 
food with care, and HO experiments on selection with retard to 
prey and predator mny be made. These «e direct evidence of 
selection in shoeing that an animal will choose some favourable 
conspicuous living mMSel of food,. If such animals are difficult to 
discern on the background a differential survival rate is set np in 
the populations. Well-known experiments were given by Sumner i 
Cesnola, 3 Beljaj eff, 1 Cefiicfc/ Young, 9 Gtrould/ h* 1 r andotheis, 
Only one of the eat ter experiments will be given as an illustration 
It is chosen becansc the results are cleat although the numbers 
involved do not admit Of statistical analysis, 1 Csflola 3 worked 
with the praying mantis {Month ntitftru rj in two Forms, a green 
one aod a brown Qfre. In nature the grefin. form always occurs -on 
gteen glass, while the brown One lives on sun-scotched grass r 
(esnoia collected 44 green and £j htown specimens and tied 
them to individual plants by means of silk threads. Thus, iC? 
green Insects were tied to green plants with green herbage; aj 
green were tied to brown plants covered with burnt brown 
herbage; 20 brown were tied to brown plants on % brown back¬ 
ground and 4J brown were tied to gtecn plants on a green back¬ 
ground, GtSnuIa found that after eighteen days the protected 
insects (that is, those whose colour resembled the plant and back¬ 
ground) had oil survived, while all the grem insects OH A brown 
background had been killed after eleven days and only to of the 
41 brown insects On a green background had survived. Then 
rhe wind blew the remainder away. The predators wfite ants 
and birds. CtmoWt results clearly illustrate that protective 
colocation has a Selective value. 


C. Si:jtci!t/f} f population jfudus; hemostasis and sp~%iution 

We have now discussed some features of selection in 
evolutionary theory. Selection must always be in operation 
whether evolution occurs Of not (c-volution and selection flte not 
synonymous). At the lowest level selection Implies the direel 
elimination of the unfit. On the basis of the faction of evolution, 
J-C,, mutation, ceGombinatioflj isolation and selection, the mathe¬ 
matical selectionists have built up a marvellous superstructure 

1 nnd b. * IjXh- i IJ1T. 
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which has. led to a great undemanding of the mechanisms of 
mlctoevoLution, Of evolution on a small scale OH at a simple. level* 
sufficient for biologists to assert that they know whit evolution i$ 
at this level, but also sufficient for them to realize that them ate 
gicat unplumbed depths awaiting investigation. Evolutionists 
owe a great debt to these matbemacicTariH, to R. A. Fisher, Sewall 
right* J* E. S. Haldane* K- Mather* H. Muller and others who 
have made this position possible. But we should also remember 
that the mathematical models are only models* and mathematics is 
not biology and can never be substituted forit. These mathematical 
models arc admittedly oversimplifications of the true picture 
which is plainly very complex in nature, perhaps too complex for 
complete analysis, but they represent abstract Statistical 
generalizations of how evolution may have occurred under given 
conditions. As F. M- Sheppard 1 said; 

Our knowfedge of the theory of evolution is now extensive* chiefly 
as the rcsuLt of the mathematical approach to the problems adapted 
by Fisher, Wright, Haldane and others. .However, of necessity much 
of the work, is based on assumptions about population structure and 
selective intensity which has ooc yet been adequately investigated 
in the wild- 

Some observational work, however* has been dotie On wild 
populations which hive been examined in nature and an the 
laboratory, While this work is not ns yet extensive it has in¬ 
dicated some important points. KaniiaHy-occoiring mutations 
similar to those found under experi mentally controlled conditions 
have been identified. Much of the work Along these lines was 
done by H, A. and N. W. TimofeefF-Res BOVsky,' J T'schetvri kov, 5 
Dubinin tt ai.f Gersheiion, 5 Gordon^' and others in various parts 
of the world, and the organism involved was DtOtQpkih- When 
DrostphUa flics From wild populations weft bred in the laboratory 
in such a way that recessive? coukt be extracted, it was found that 
the (Mecences between the various races were gene differences 
affecting quantitative characters, and they wets sitJliUc to many ol 
the truncations arising in old Cultures of die flies. Different 
populations were Found to contain different concentrations of 
mutations; some populations contained similar mutations, others 

1 EjH ll 9*7- 3 iy*a. * rsj4, igj&anii ipjy. 
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diflfeicnt ones. These mutations were largely vne^tat in the 
populations as hetcrozvgotes. Similar investigations aod ttsalxa 
were obtained by Seaton and dark, 1 who studied populations 0 f a 
crustacean, Gammarte cW It seemed then that the material 
for evolution was p*c$snt in natural population!. Since then more 
evidence has become available to Support this conclusion, but it 
may be said that it concerns Small mutations leading to micro-, 
evolution. It has not been demonstrated that an accumulation of 
small mutations leads to macroevolutionary eflects, although it is 
theoretically possible, and even likely, and there is evidence 
! suggesting it. 

A -species is a component structure, and its parts may he at 
different evolutionary levels, hence the mechanism of evolution 
tnay vary accordingly. In Darwin’s day it was taken for granted 
that evolution Implied the multiplication of species, hut this is not 
nccetsac.jy so. A Species may change in the course of time to 
produce another species which may supplant the first one, and 
this process may be continuous. Thus it is possible for evolution 

i to proceed at the Level of the gene, of groups of genes, of foe 
Chromosome, of tile whole get Of chromosomes in an individual 
of foie ra«, Of foe population and of foe species. Changes wichfo 
individuals lead to variations in a group, but these variations 
occupy a definite mtit/t, or more than one milku, and ate subject to 
foe forces at work therein which often have a selective effect. In a 
sense variation is positive and selection is negative, hut as 
Clausen* found, those two oppositional forces arc aiwavs in a state 
of dynamic equilibrium and as a result foe Species possesses a 
reserve of variability and ft power of adaptability which tenders 
evolution possible. 

1 he KHOnomist recognizes a species as a group of organisms 
possessing a definite combination of morphoLogical characters, 

[ and hence in classification the limits of foe species are often seen to 
he tenuous. 3 he existence- and the origin of Such species enters 
into foe consideration of evolutionists, of course, hut the 
tasonomic or systematic spedes ig not very suitable material for 
genetic analysis unless it is dearly defined. Mayr 3 defioed a species 
as folkiws; 'Species are groups of actually or potentially inter- 
breeding natural populations that are rcproductivcly isolated from 
Other Such groups.' This natural or ecologicaE population is, 
1 ts *£. 1 3 19491, 
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however tall not definite enough for the. geneticist. l ie tecognives 
what is called iMtnit&m pspHkUiw which is a gaKtlcalpopdaikm 
based aft the genetic makeup and breeding behaviour of {he 
organisms coaming it. Dotahmsty 1 defined it as 'a rep™. 
duedve community of several and cross-fectilfolng individuals 
which share in a comm on gene pool 3 . He pointed out that the 
largest and most inclusive Mcndelkm population is the biological 
spB des. These may be divided into sub-species, races Or focal 
populations, according to-whether they have common gene pools. 
The race may inhabit sevetal islands in an archipelago, hut it 
would not necessarily form a common Mendclian popuktion 
because of the genetic isolation and differences. In modem 
genetical evolutionary theory populations are coming to be 
considered as the evolutionary unit. It is the population that 
evolves and, in general, it is continually changing because of the 
heterogeneous gene pook of IK members. The various ehromo- 
snmal tad genetic conditions allowed free play iti ft population are 
continually producing new combinations. Selection ants CD the 
phenotype of the individual and thus new combinations of the 
gene pool which alter the genotype will SlUo be subject 10 a 
selection pressure- As Clausen 1 said; 

The myriad? of mtisdclg and potential bfotypes of each focal 
pnpuktiHui see- in dynamic balance with each other end are bsdanwd 
agair.it the forcer of the environment which change from hour to 
hour, from day to night, frnin season to season, ftftd feom year to 
year.' The gene systems that determine the expression of the 
chataetcre of' natural races of plants arc themselves composed nf 
genes of oppositional, aecumuktive, subtracting and eomplcmentHjy 
ejects; aach an nrtangetuent makes a greater range of potential 
variability poaaible thHn would a supply of genes merely working in 
one direction. 

The criterion for survival in a population is but 

different individual* may have different degrees of adftptcdnesS. 
The criterion Foe survival tj a population is fit/stis, by which is 
meant that the popu fotion must maintain itself in the environment 
and be ahlc to use any variability in its gene pool to eatfilid its 
adaptability if the enviionment changes. Individuals also may be 
fit m this sense, and the fitness of individuals and the population 
iipje, * tin, p- 476- 
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must obviously be related. In fact, Mendelian populations have 
an i ncegrated structure ’which facilitates evolution at jdl levels but 
under the influence Of selection, Investigation has showm that 
there are many recessive alleles in Drosepbiid populations—the 
gene pool consists of mixtures of all sorts of genetic nnd chrome^ 
somal atiangements. But the population is still successful under 
selection; In other words, the population shows balanced poly¬ 
morphism of different genotypes, In such populations heteroay- 
gntes seem to be better adapLed than homozygotes and show 
bettmis [which b«e means increaMd fitness). There are a few 
observations which indicate that heterozygosity has a selective 
advantage over homozygosity in populations. For example, A. 
BuHsnti-Travcrso 3 found that in flies of Dtwphila svbobsam 
hcttrosygatic inversions were necessary; while Dohuhansky tt al? 
found that flies heterozygous for Certain chromosome inversions 
had a selective advantage over hnjnozvgates. And again. Stem 
it ol . 3 even showed that lethals may liave a Selective advantage in 
the heterozygous state. And there are other examples. 

To illustrate balanced polymorphism we may take the Simplest 
ease given by DobzhanskyA We quote his wolds. 

If two gene alleles or chromosomal variants. A 1 and A a , form a 
heteruiygote. A ] A 3 , which is adaptcdly superior to both homozy¬ 
gotes, A 1 A 1 and A a A*, natural selection will tend to establish in 
equilibrium state at which both A 1 and A 3 wLLI he [rresent with 
certain definite frequencies, The crux of the master is that the 
ittvrdge fetus! of an WWdW nr flit poptiatim wi 11 be greatest when A 1 
and A 1 reach equilibrium frequencies. In other words, neural 
selection enhances the idaptedness of the Menddian population as a 
whole, at the price of continuous production of some less well 
adapted individuals. 

This is a very important theoretical conclusion which Dobztiin- 
sky elsewhere^ pointed out needs experimental verification 
involving measuring the accnal fitness of a population compared 
with other populations. A fit population is composed of fit and 
unfit. Or perhaps it is lsetrer to Sfty fit and tetter, individuals, but the 
fitness, Ot survival value, of tbc population depends, not Oo the fit¬ 
ness of the individual, but on the population as a whole, Without 
iigji. * t?ji. 3 rjja. 
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tbe initial present* of the less fit alleles A 1 and A 3 , the fitter 
hctcrozygote, A ] A i J could never have arisen. 

T. M. Thoday 1 considered that fitness fbt survival comprises a 
uifit of evolution, and the fitness of such a unit is "its probability 
of leaving descendants after a given long titnc' (such as, say, lo* 
years). Increase, in such fitness comprises biological progress. 
Thoday 2 stated the components of fitness to be (fl) adaptation, 
(b) genetic stability, (c) variability which includes genetic and 
phenotypic flexibility, (d) the stability of the environment. Within 
a population or species these components will normally lie 
balanced. 

Thus the essential feature ill evolutionary genetics is to deter¬ 
mine the fitness of the population in relation to an evolutionary 
time scale- In practice this means finding out how a population 
becomes adapted to the environment, and even more CO severs! 
environments, Dobzhansky and Wallace, 3 and Others, have 
indicated tbit a maximum, of adaptability may be attained (a) in 
balanced polymorphism as already indicated, because then the 
population consists of a large number of different genotypes each 
Of which may be specifically adapted no a Specific part of the large 
environment^ and (b) by an adaptabil Lty which will allow in¬ 
dividuals in the population to adapt to a spreading environment. 
Such adaptability 'cads OH to genetic boassorfasis which is con¬ 
nected to fitness in populations. The Subject of genetic homeo¬ 
stasis is new, and even the basic ideas ate not yet sorted Out, but 
w* may give an outline of what It means from an evolutionary 
point of view, Essentially homeostasis Seeks TO find an ex¬ 
planation of ability to adape to several environments, Lern&H 
sated; "Homeostasis refers to the pmpstU of an organism to 
adjust itself to variable conditions, or to the self-regulatory 
mechanisms of the organism which permit it to stabilise itself in 
duc-tuftting inner and outer environments-' TIk wore derives 
from an original physiological meaning given to it by Ik 
Cannon/ The idea that homcostads nt individuals is important iit 
evolution was first advanced by H, J. Muller 6 and C- H. Wadding- 
ton, 7 LemcH developed the thesis that Mendelian populations 
possess self-regulatory properties, and that there is a connection 
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between genetic And developmental homeostasis,, while hetero¬ 
zygosity gives a hasis foe these phenomena. 

When a new allele or mutation appears in a population several 
things m&'/ happen to it, depending on the degree Of expression 
in the phenotype and ICE response to Selection. If it is dominant 
and deleterious, it will he quickly eLi minuted, but if it is recessive 
and disadvantageous It may remain dormant in the population in a 
low frequency; but if it is a favourable and dominant allele it will 
replace the wild type allele to some extent, while if it is favourable 
and recessive it will replace the wild type completely, TElfisC 
conditions are brought about by selection pressure acting on the 
gene mutation which will set die frequency of its occurrence, 
Lemer 3 summed up his conclusions in the toilowing words 2 


Each genotypic combination may well represent a unique eon- 
steUahon of genes. It is impcaiihle to predict its CDEipetidve valve 
under uncontrolled conditions. Nature depends on trial and entu 
and hence needs a wide bis? of genotypes on which to operate. 
Error ia mininuaed Ln successful populations by developmental 
homeostasis. ■Genetic homeostasis arises as an aftei-eflect. Eve the 
perpetuation ot McndiLiaii populations, whether in nature or under 
man's control, remains a stochastic 3 process. The purpose yf 
research in population genetics js to gain a better understanding of 
evolution, which is another way of saying chat we seek to narrow the 
confidence limits of prediction regarding the fate of any population. 


Heteiozygosity Is thus of great importance, and Leona con’ 
sidered that hetero zygote a possess a selective advantage over 
hocnOzygotes because of a more balanced phenotype which they 
produce. 

Lcwontin 3 extended Lemebs meaning of homeostasis to enable 
comparisons between genotypes to bft better Attempted, He 
ccniskltted that a gesiotypt is homeostatic when indrvi,doa!s 
within it are ahle to adjust their morphogenesis and physiology so 
as to Survive and leave- offspring In a ktgfi tange c£ environments. 
A population or species is homeostatic when either its genotypic 
or its phenotypic content is suited to a variety of environments. 
Hence homeostasis has a two-fold aspect—part of its mechanism 
keeps the basic physiological and morphogenetic processes of the 
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organism constant, and the Other part allows for ability 1 for 
adaptive adjustment to varying conditions of tne environments, 
If the constant feature in homeostasis was not present a population 


might, under the action of an intense unidirectional selective force 
v/tuch became non-adaptivC,, Lead to si i'l evolutionary dead-end. 
On the other hand, a complete constancy resisting change could 
also be ocm-adaptivc, leading to extinction. Homeostasis main¬ 
tains the balance and allows for progressive evolution. As 
Thoday 1 pointed out, any population which is going to evolve 
genetically muSC be heterozygous m order to maintain variance, 
and the cardinal feature of heterozygosity is that it allows 
segregation leading to outbreeding and hecerozygotic balance. 
This balance maintains the Outbreeding and results in genetic 
homeostasis. 

In Mer.deiian populations there is a Spread of genotypes which, 
as they ate members ot a common pool, are related. Dobzbansky 2 
called this spread a: genotypes the 'adaptive norm* of the popula- 
tion. The adaptive norm sums, up the evolutionary history of the 
population, and, while it is an abstraction., its consideration leads 
to understanding of population genetics and their evolution- The 
origin of adaptive norms may he studied under two main 
hypotheses which arc not mutually exclusive. lJobzbsnsky gave 
these as follows. The first is the chssksl bjpatbesit whereby 
favourable gene and chromosome structures Supplant the un¬ 
favourable gene and chromosome arrangements. In a population 
where this process is occurring, the individuals will tend to 
become homuzygOuS for the majority of genes, thus reducing the 
actual number of genotypes. Genetically such a population 
would he neutral, transient or morbid. The second is the 
hypothesis in which die situation Is completely different, Heie the 
adaptive norm, consists of a Large number c£ djjfetcnt genotypes 
heterozygous for many genes. In such a population heterozygosity 
might become obligate. Selection wilt favour the increase of 
heterozygosity, that is* the production of many different alleles 
leading to a greater variety of genotypes, HetltC, by reduction of 
the number of homDzygOteS a greater adzptedness of the 
population would be produced. A relational balance would be 
sec up between the genotypes which would then act like an 
organized system, and acquire genetic homeostasis.- 1 

1 391:5. s C SIJ, s Dobzhinilry, J. 
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A selective advantage of heterotygosity is that it increases die 
adaptiveness of a population, because, due to recombi nations, a 
variety of phenotypes may be produced which will suit vatious 
ecological filches in the environment—chat is, small local areas 
with specialized local conditions as compared with the larger 
general environ fide tit of the population as a whole. If there is an 
intensive selective cifcct in such ecological niches homozygosis 
may increase in amount. If the organisms being favourably 
selected in the niches become, partially genetically isolated, nr 
Isolated in some other way, and selection remains constant intern¬ 
ally and externally, local races will he established which will then 
tend to diverge or evolve separately. It is generally recognized 
nowadays that evolution will proceed relatively rapidly when a 
pup illation, or a species, is separated into distinct breeding units 
in such ecological filches, or localized regions. R. A- Fisher and 
E, E. Fordi considered that selection alone will determine the 
various genotypes thrivi ng in such niches, that is, that ductuations 
of all gene frequencies in a large population is due tq selection. 
Once established the aiieles of the vujants may become dominant 
to the original wild type genes of the population a$ a whole.; 
changes may occur by mutations and the local population may 
begin to spread back to the original larger population which will 
now be acted on by the dominant alleles. 

We may now mention again Sewaii Wright’s conception uf 
giMiiic drift, or the Stqtdll Wright efftst* Drift is an error of 
sampling occurring in A large population as a resnlt of die 
splitting up into smaller populations in ecological or Other niches 
with special local conditions. Wright! disc pointed out the 
probabilities of change in various populations, as follows. In very 
small local populations there is very little variation, or selection, 
and the variants in the population become static. Mutations may 
occur, but these mostly load to degeneration and ultimate 
extinction. In very large populations in which fret interbreeding 
occurs there is a great deal of variability, but the gene frequencies 
are In approximate equilibrium, and hence there is little evolution. 
A change in conditions, such as a change in the selective pressure, 
moves all the gene frequencies to a new equilibrium for as long as 
the new selective pressure exerts its effect. Evolution does occur 
in such large populations, but It is a very slow process. 1(1 a 
1 19*7. 4 r?M- *M.A (. iwo. 
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population intermediate in size between the very large and the 
very small there is a constantly occurring and random movement of 
gene frequencies while selection is altering likewise; hence there 
results a relatively rapid, continuous and irreversible series of 
changes which are not degenerative. This process wilt take place 
even under Static conditions. Even so, periods of about iao*oco 
gcfltretkxis will be required foe important deanges to occur in the 
population. 

fright then proceeded to state the effect of random drift as 
follows ■ 

fiofllly In a large population, divided and eub-divLded into partially 
jjckted local Wees of small size, there Ls a continually shifting 
diflieiKvti ntion among the kctti (intensified hy local differences jn 
seiectiun but occurring under 1 1 n ; f orm and static conditions; which 
inevitably brings about an indefinitely continuing, irreversible, 
adaptive and much more rapid evolution of the species (than in a 
Comparably large, tandem breeding population). 

Thus there is some disagreement about the selective importance 
of the factors bringing abddt evolution of these local populations. 
Fold and f jsherfas already mentioned) and 0-tbetS considered that 
selection alone is the deciding factor. Wright, on the other hand, 
considered that fluctuations of gent: frequencies in A large 
population may be due to random generic drift, o£ CO selection* or 
to both, operating 1 together, Wright has always- maintained that 
evolution is the result of the operation of a balance between all 
the factors taking part in the process, bhcppaxd,- after reviewing 
the situation, concluded that selection is the predominant agent iu 
evolution and that Wright’s genetic drift ‘is of negligible signi¬ 
ficance AS compared with selection 1 . 

In Older to resolve chis situation it is probably necessary to find 
out how genes ot genetic changes move in a population. Not a 
great amount of work has been done oil this pirticnlar piohlem, 
but we may rite an elaborate and beautiful study by R. A- Fisher 
and E.fS.Ford, and one hyDohzhanshy. Fisher and Ford' 1 studied 
the frequency of occurrence^ of a variant of the moth called Pd/t&xia 
dommntk L. " A variety called wntionigra is a heteioaygOW for the 
rtOltnai gene affecting a central yellow wing Spot and other 
features. It behaves as an allele to the wild type gene in the normal 
i ift4- 3 3P47- 
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or commoner form, P. rfoMW/t/a, and 30 the butnozygotc P. 
hmatfib Cockayne. In a study of a colony occurring near Dty 
Sandfnrd, Berkshire, spread ovei eight years, Bishei and Fond 
found that prior to 1559 the frequency of the tatdmigra gene in 
the colony was about i.z per cent By 1939 it had increased to 
?.a per cent and in 7940 it reached its highest frequency of t i,i 
per cent. Thereafter from tp4i to 194G its frequency was 6.?, 3.4, 
j,6 h 4-J, G.f and 4,3 per cent respectively. The mean value is 
therefore j.a per cent thtQUghout these yean and there is no in¬ 
dication that the frequency was reverting either to die low 1,1 per 
cent or tn the high li.i pet cent, Fisher and Fold found that 
random survival could not account for such fluctuations in 
frequency, which must he due to selection. They do not dtitik, 
howiret, that such changes in gene ratios in very small populations 
have much evolutionary significance. Dobihflflsky, 1 investigating 
a natural population of DntipMt j>mtdtH>fafHra in California 
between 193 9 and 194(1, found that the relative Frequency of the 
Standard gene arrangement on the third chromosome increased 
significantly at the expense of the Arrowhead and Chiricahua 
arrangements, which was protably caused by natural selection, 
but this was not certain, 

J. POLYGENIC INHERITANCE 1 

The idea Of polygenic inheritance is receiving an increasing 
amount of attention because it is aiding Selectionists to find a 
workable basis for Darwin's original idea that evolution proceeds 
by means Of the accumulation of small advantageous variAtions. 
There is now A fairly large literature on the Subject and its 
applications, hut the basic ideas behind it arc sample. The readei 
will find ail excellent review and more detail in a paper by K. 
Matb?r J which States the position clearly. Since then further con¬ 
firmations and developments have been put forward. 

The theory of polygenic inheritance springs directly from the 
statistical scudy of variation in organisms. In ordinary genetics 
relatively large phenotypic variations (such as, say, rod flower 
colour or white flower colour} are mOsdy studied hecause they arc 
easy to observe. Often these differences Are under the control of 
alleles ot a wild type gene and they behave in inheritance in the 

1 1947. - Sec also ij-g-igo, * I54J and Jitei ijj j, 
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known Mendcliau manner. Tm type of variation is said to be 
e/jjWMflj'f. However, observation of a group, or population, of 
different species, or different varieties af species, invariably shows 
Lmny characters which are not SO dear cut as red and white in 
flowers; for example,, consider merely the question or height h or 
weight, in human being?- Characters of this kind vary 
quantitatively, and they am often called quantitative characters. 
If such characters ate expressed In ft graph they give a normal 
carve of variation with two extremes at the bottom of both ends 
of the carve and flic mean, or average, vdue in the highest centre 
part of the carve. There is a good deal of evidence for the 
Statement which Marker- gave regarding these characters. He Slid: 

A second tvpe of heritable different* shown by species is dependent 
on the join: action of many genes, each baying an affect saaaLL in 
relation to the total oon-hedtahle fliiematio.ni of die character in 
question Such differences are tanned polygenic and polygenic 
characters do not show sharp segregation. They may rfukt any 
degree of exp res sin a between wide limits and hence have often been 
called quantitative characters- - ► . PoSygfioca are inherited in 
tiacL[y the same way as other genes, in that they are situated on the 
chromosomes.'* 


Polygenes individually produce so small a phenotypic effete 
that they are masked by the ordinary fluctuating variation* due to 
the environment. Darlington 1 called them the ‘invisible genes’. 

It seems to be impossible at present, however, to study in¬ 
dividual polygenes, l>Ut they etc known CO segregate 2 nd re¬ 
combine and form linkage groups in the same way as ordinary 
genes. Chromosome maps of polygenes may also be constructed; 
for example, LG. Wigan* obtained a rough map for the polygenes 
on the X-ch.rorr.OSOme of Dntip&Ua tn?lGrtQgmttr which control the 
number of stetnopJeural bristles. 5 

Thus polygenes are composite and arc best considered as a 
whole, or as'a system- They ate always balanced in their effect Oh 
the phenotype, hut individual polygenes may mutate, Due to 
crossing-over frequent generic recombinations of these genes will 
occur producing small phenotypic variations which wil) sooner or 
Later come under the influence of selection- As their individua!! 


1 T04, v IS- 1 See also Matlicr, I£tt, and Wni:rn r I 
"Srttitob&tluX If IP, and b; Mather and 
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effect on the organism is very small, the many combinations of 
them in. ft single gene pool, each one genetically distinct, produces 
a graded variation phcnotypically, As Mather said in general, 
Tolygtnlc theory relates continuous phenotypical variation to 
discontinuous genotypical variation^ the biometrical to the 
genetUa]-* It was always a ptczzle to the older Darwinians and 
their critics how continuous variation could he explained by 
relatively Luge mutable discontinuous genes. Polygenic in¬ 
heritance may provide the answer and in a sense it thus connects 
what used to be called "blending inheritance" with Mcndellan 
genetics, The existence of polygenes gives great support to 
Wright and Fisher's theories of selection as a determining fftctOt 
in evolution. As related species, particularly of ’Dromphila^ often 
show polygenic variations it is considered by many geneticists that 
specifttion is probably due to a gradual accumulation of many 
small genetic varia tions of the polygenic type. This has led Mathet 
to considet that macro evolution at the species Level differs only 
from microevolurion, ot evolution within the species, in quantity 
of change and not io essential nature. The difference' would be 
one of degree, not of kind. Thcgc, however, arc specukri ons and 
it cannot be said that accumulation of minute variations really 
leads to any significant cvolution- 

4, CONCLUSION 

bias much as populations in the large sense are made up of In¬ 
dividuals which comprise one or mote species, then speciation, 
i„e. f the formation of new species, is the shu qua non uf evolution at 
the lowei levels at least. Fat an excellent account of the pheno¬ 
mena affecting speciitLoii the readme is inferred to Mayrd Although 
of necessity much important matter has been omitted, we have 
given enough information to show hdw modem genedcal 
evolutionists consider the processes of evolution and speciation 
occur. Besides the font major factors of mutation, recombination. 
Isolation and selection, which have been described in some detail, 
there are many others. Indeed, it should be oby ious that the whole 
environment is the laboratory of evolution. Unknown 01 Little 
known factors tend at present to be grouped under the heading of 
selection which Wright 2 described a* V waste basket category that 
*i5t> r p. to. 


1 P4 1 ’ 




EVOJLUf EON AMD GHRI5TIAHS 

includes all causes of directed change in gent frequency that do 
not involve mutations Of introductions from without/ As 
researcll proceeds the operational elements SO selection ate 
becoming better known, and, JO the course or time, this may 
necessitate modifications in the mathematical models on which 
modem work is based. But this could only be accomplished by a 
Eteatly increased amount of field and laboratory work , 1 Great 
advances should be made when the evolutionist and the cco.ogjgi 
join forces. 

Still, several features stand out at present. The essential 
condition for die. occurrence of evolution seems to l>c the pro¬ 
duction among some members of a group of a selective advantage 
which enables them to in eteass their numbers in the group. The 
process ia cumulative, but too many and too great changes would 
probably lead to cxdnciion, and it is at this, point that homeostasis 
seems to be of importance. Constancy is just as important as 
change in the long tun; jt is the balance between them that makes 
evolution the ordered process chat It fe, A further understanding 
of the nature of this balance may lead ifi the future to a better 
understanding of the mechanistic and teleological aspects of 
evolution which some people may consider to be of prime im¬ 
portance if WC are to find any fundamental meaning in evolution 
as a whole. 

In the interplay of forces Leading to change a point is reached 
when a new species has been formed, and then the basis for 
advance seems to be an effective isolating mechanism which 
prevents the new and old species from interbreeding any further 
and provides opportunity for further substantial change tn both 
Specie? through mutation and recombination . 3 It seems that 
geographical isolation will he the most effective in this regard at 
the beginning because such barriers reduce gene flow from the 
parental forms back into the new stock, perhaps even down to 
KCto, Nevertheless, a mere increase in the number of species does 
not necessarily imply evolution except in the restricted sense of 

l Ths LiL-ftE cLectcor-ic ocinipuKrt fftay pfiVPe tn be veiy usciuS In clarifying the 
complex pfEECFVl oF the evolutionary pccxrcES, and inidttd 1. T-*. Cmsi>T ( e§*59J p*i 
htg'jr. waging an the JDag-lcrirt fHHWlHLOf tjif common pdmrM* u*. wbidi many 
posiiblt fachars IK incArpata.'xd ir.tc. ths cnLcjlarLan. Jane by (he computer. 

1 We rroy note bnc ihlt (Jia ilCW tpsuci may Mcanne praent M a iLntr iii- 
dlxlJaAk Of even, in the case □fplints. as n branehafa jiiL^le pSant, nr us iraiirtrwn 
jmfiTiduali. Thu rteognliiOiL of rhese jmuibilidcs is smpcrtint coneetning IDS 
eyolacKKl erf"man. 
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jniciO-cvolntioti. It does QOt imply the formation of new genera, 
families, etc. Goldschmidt 1 considered that die formation of 
varieties, races, Subspecies, etc., is evolution within die species 
and is of a ditferent mature to evolution beyond the species. This 
latter type is what he called itiacto-evolution for which largt 
mutations ate necessary. To Goldschmidt the Sub-Species is not 
an incipient species; Lt is rather a variant adapted to a. particular 
(geographical) environment, and hia work. On the Gypsy moili 
{LytffPfttfitf dispar] supports this idea. In fact Goldschmidt 
considered ch-at evolution proceeds from the higher categories of 
organisms down to the species, and not in the more usually 
considered manner of a procession from, die species upward* to 
the family, etc. Gold schmtdt's theoty is in line with the geological 
evidence which shows large gaps between die major groups of 
OEgatusms. 

Many of the orthodox geneticists a^d neO-Darwini-ans, how¬ 
ever, do not acccpc Goldschmidt's views, Pot example, Mays- 
considered that all the available evidence indicates just the 
opposite. Herummaxizedthe position l>y JtatmgttuH! ‘Kcv species 
arise ftom isolated and much modified portions of parental 
species. 1 And the most convincing proofs for this lie in the three 
foil owing facts: (a) geographical sub-species a« often seen to be of 
rhe same land as die temporal sub-species described by the 
palaeontologist | fb) isolating mechanisms maintain the dis¬ 
tinctions of species. 4 To explain species it is necessity to explain 
the origin of the isolating mechanisms 3 ; (c) nearly ail genera of 
animals contain incipient species ot border-line cases. On both of 
these views, however, selection act* as a guiding factor. The 
fundi) mental difference between the views lies in fhe origin of the 
change concerned in evolution—in One case the change is large, 
and in the otiter it IS small, perhaps extremely small. Wright* 
pointed Out that even for the larger groups* such As families and 
orders, it is not necessary to postulate equivalently large mutations, 
because normally a species tends to persist in a state of equilibrium 
for a very long time. All this rime it is accumulating a store of 
potential variability which if released by a ch&fige So the environ¬ 
ment may produce very rapid and large changes in fhe species. 11 
If the I Atget categories have been produced in this way, then, 

J lB4r, ® e p. j 10. s I9<9. 
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according to Brough/ it in possible that sAsction, except as a 
negative and purely eliminating agent, is pushed aside during 
these great evolutionary surges. Brough Also considered that the 
production of the large category was due to a greatly increased 
[notation race compared with the present, rather than to a sudden 
release of an accumulation q{ potential vsriabi Licy. 

Mention may be made here of the synthetic or expetimental 
species. The production of these species followed from the work 
on polyploidy mentioned earlier, and the phenomenon is almost 
confined to the higher plants. 3 As we learnt carter polyploids ate 
organisms with chromosome numbers which ate multiples of a 
common Ijasic or haploid number and there are two cmef kinds 
called w}op>}yph& and alkpt&pkudr. AutopoLyploids are 
<Lerivatives of straight forms in which the bride chromosome 
number is doubled, trebled, or quadrupled, tffc On the other 
hand, if the increase, such as doubling, occurs ir. a hybrid the 
resultant organism is called an allopolyploid. The diftarenct 
between these two types may be illustrated as follows. In a 
normal pure breeding diploid Species the two acts of haploid 
chromosomes may be represented by If doubling occurred 

in this organism then the resultant wOUId have fernf sets of similar 
chromosomes SIS AAAA, This would be an ftUtopolyploid, Oc in 
this case antatetrapLoid [because it has iour sets of A), The 
hybrid between Ml organism with AA sets of haploid chromo¬ 
somes and one with BB rets of chromosomes would contain a ret 
of each, i.e., it would be AB. If doubling occurred in this then it 
would contain A ABB. that is, it would he an allopolyploid ot in 
this case an dlotetrsploidL In &nrh JUl organism when meiosis 
occurted the A sets of chromosomes and the B sets would con¬ 
jugate between themselves respcctivelyr Thus meiosis would 
probably be quite regular and the hybrid would be fertile. 

Allopolyploidy has proved to hi of great importance itl l".e 
evolution of plants- There is no doubt that in nanue allopoly¬ 
ploids are of common occurrence, and they have been produced 
experimentally, thus giving direct experimental evidence of 
evolution ac the Species and even at the generic levels- Ibe 
phenomenon was -first described by O. W Luge in tpi7 under the 
heading of indirect chromosome binding and much work on it has 
been done byKih&O, particulaiiy Ofi wheat, who showed that the 

1 3 ul. R. " Sec □. iRii, 
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cultivated bscad chests probably arcs*. through allopolyploidy in 
Afghanistan about G,oco years ago. will mention. a few 
examples below, Excellent accounts arc given jji several text¬ 
books and papers to which the renter Js referred for further 
deraits- 1 There is no need to describe in derail die cytological 
mcchaojjm involved in the production Of these planes which is 
weh known and has been given in outline above. In 1^7 C. D. 
Darlington gave a list of forty-nine allopolyploids which had been 
produced in caperimenc alone up to that time! and since then new 
ardbcial techniques have been tiled which have produced many 
Otheis. Almost any mvestigltion of natural plant hybrid 
populations will give ciicumstantiaL evidence of the Occurrence 
and i mpoitance of allopolyploids in nature and in evolution, 

In 1914 Blackburn and Harrison showed that the wild rose 
ilatfl 1 Pilmai was an allopolyploid derived from a cross between 
ft, pituttn^Hifoiis and ft. iotatntoai. In 1919 Skovstcd showed that 
probably Atittdus c&rtite was an allopolyploid derivative of A. 
hippottfitwitn and A. pavia. The hotticulturat plant Phwrait 
Kupt&srr arose naturally as a branch from a plant obtained by 
crossing P. fiofiburvta. with P. vrf titillate P Phlttint pr#lmH„ a 
hexapjoidi probabiv arose from a cross lsetwecn a diploid P- 
prulinst and che tfttraploid P. aipwtttm.* Frandierd showed that 
Braisita Jt/wta may be an allopolyploid produced from a natural 
Ctoss between Brasstia eampsilris and B. nigra. Stebbins 1 gives 
evidence to show that Btqmhc arfayntituc is an allopolyploid derived 
from a cross between fl. trim and B, (MKJw/mw, Again, Howard 
and Manson a gave evidence showing that a wild tripEoid form of 
Nasturtium officinale was produced from wild diploid and terra- 
ploid forms. 

The few examples given above are all of species whose origin 
has been infected circumstantially from Cytologlcal and gsncdcal 
data, Thete ate some cases which are more direct 2nd give the 
confirmatory evidence necessary to support the initial supposition 
that allopolyploids are of wide Occjiicnce in nature In 1930 
Milrt(ring' crossed QdtOptii pubtsem with G. spteiora and among 
the progeny was a triploid which was then backcrosSed (0 the 
pubttftns parent. Among the piogeny of this baekeioss was an 

1 Sts Pobfchiiiak'Yi TpiJ, lySTj Dailirjian, 1937: VFiddLngtan, 1939; Sfebfcinaj 
593-; hottiErgilJ* ty-rz »rwf h A . Alim 193.7 artel T 449 . 

£ Ntwi lI:l| Psl!«aM, rj-ij, 3 Gregor aod SnntDinu, 193V. * 154j. 

a ($47. 4 1^46. 7 I9|i. 
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allotetraploid which Miifitzing coiled SyxSbsik Gaitopsis btrahit. 
In ail respects- this experimentally produced pl&Jlt was in- 
disdnguhhftbk from the nat&TftlJy-acmlimg wild specie^ called 
Ga&aptil Mnhi& It dossed perfectly with the wild species and 
produces normal offspring, The syndteric specie* also varies in a 
manner similar CO (he wild folttt M ftnty . lit g dftimed that this was 
the first time a replica of A .oarur&l species had been built up ei- 
peiimetirally. I-Iis work, however, gave no indication of the 
actual time when the wild spedes arose in nature, Sue much more 
data has been obtained in this regard fbr the celehmtcd Rice Grass 
{Sparftvi) Txnvii.btitof) which is considered to be derived from 
Spartina strata and 3, alisrnijicraS Although this plant has nut 
been actually synthesized its history is well known. It appeared 
suddenly in this country towards the end of the 39th century, 
and at nrst it was A rase hut vigorous plant. At the present time it 
is widespread along parts of the coast of southern England and is 
planted CO consolidate the mud in which it can gfow vigorously. 
In the wild if it comes into Contact with cither of its original 
parents, S. StrtiiJ Qi S „ aiisrnijktu, it dominates and Ousts them. 
PttUitmm nmtifSifii is. an A met'Loan plant which is very successful 
in nature and behaves like the Rice Grass by ousting Its parents. 
J. Clausen 2 has shown that it probably arose as an allopolyploid 
front Ptrfijlttitott Arts/ and P. fl(WTMtrv 

As examples of allopolyploids produced eJtpcri mentally the 
following may be mentioned. In each case the allopolyploid is 
distinct front the parents fttld generally breeds true. NAwSi*W 
iigliita was produced by R, Clausen and Goodspeed in 19a y from a 
crass between NiwIttH Idhsczum and N, glaSimsu. Doubling of 
the chromosomes ia the F 3 hybrid gave rise to iV. dighdv, DtgitaJtr 
mr/mtuii is an allopoiyploid obtained from crossing D. purpurta 
and D. asrbfgua. 1 Several other allopolyploids. have been produced 
in the' genus Niaotiusa by several workers by crossing of several 
species which is followed by doubling of the chromosome 
number in the -Sterile hybrid?. One of these, obtained from the 
dOsS iV- tyb/etfris and i\ T _ tommiosiformiti resembles PI- tabsKUM to 
some extent, Ao interesting result was obtained by Nygretri who 
synthesized Calarm&tJtiS: pur pur at by crossing C. amtms and C. 

1 See Huekiciftj T 9 JTj acto Qotebamakv. 1941 and IJJI. 

2 jyu ind Cbuscn, Krek find Hierey, 194*. 
a BiltfPSn, h »4 ftiiWCQCi, 151B. * I34&, 
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I tpfoht, and also by tRiting C. purpurea with edichirine. A Large 
number of allopolyploids have now been produced mostly bv 
treadng Sterile hybrids with cokhJdnc ot Other chemicals. Finally, 
several fertile allopolyploids have been produced synthetically by 
crossing different but related genera. Examples of these are 
R apfmtfirassica obtained by crossing R sipmsds sAirva (radish; with 
Braiih# eitit/ites (cabbage] h J and AigifotritisM)} obtained by 
Tschermalt and Blder* from a cross between Triti&tm tfanm and 
Aegjhps opata. 

It may be lather premature CO Say that the mpetj mental 
synthesis of species is a commonplace but it is true to say that 
there ate many examples of the production of synthetic types. It is 
important to notice that tnosc of these Synthetic allopolyploids ate 
different from, the parents in each case and at* ttne and constant 
bleeding hybrids. In many cases they satisfy the requirements of 
rhe systemUtist for specie* naming and thus they are regarded as 
new Species. The extension of che artificial production of species 
Co natural categories has resulted in a demonstration of the fact that 
as far as plants arc concerned many of them arose through poly¬ 
ploidy and hybridization, and it is also a demonstration of great 
value to the evolutionist in providing direct evidence of the 
evolutionary process in nature- Jr B, &. Baldiute 3, considered that 
the discovery and description of allopolyploidy has given the 
most important modification to DitwhTs and TJFsUace’a theory of 
evolution since it was hr si pot forward. To show the importance 
of this evidence for evolution we may finish this account by 
quoting J. Ileslop Harrison* who wrote i 

From the Large samples of species that have sd randy been investigated 
it Is e*i: mated that perhaps half of tli* endec north temperate flora of 
die world consists of polyploids, and that of these, rather more chan 
half are ItfceLy to be allopolyploids. The Importance of this process of 
species formation in the higher plants i-s thus considerably parti- 
cukdy when the Blither fact is appreciated that very many plant* 
wh;cb are important in agriculture have almost certainly arisen in this 
way. 

The account of the factor* of evolution which we have given 
has been mostly drawn from the gencdcal and cytologies! sides of 
1 Kirperhsr.kn, tja? ijii.lt. * tarS. u [$J$, ?■ «T. 
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biology. Much evidence regarding the factors of evolution is also 
available from other brandies of biology, such as ecology for 
example, and some Studies involving these other disciplines have 
been given in the text as the occasion arose. But we ftte unable in 
the .limits of this book to go further into these matters, The 
geological and Ocher types of evidence have been given in earlier 
chapters. But the modern geoctical and cytogenetical picture 
givei a causal explanation of evolution and at the same time it 
gives aline of evidence which was not available to Charles. Darwin 
when he first brought together the "classical lines of evidence 1 for 
evolution. The result of all this modem research and study is that 
we now have before US an increasing bod}' of knowledge, which, 
if it does not prove that there, is an evolutionary process in nature, 
is lather empty and void of any true meaning. And it is On this 
basis that the evolutionist takes his stand that evolutionary [hcoty 
gives a sufficient and reasonable explanation of the progression pf 
living things without appealing to any forces extraneous to 
empirical science. We may perhaps dose this section by giving a 
quotation from Sewall Wright' v-hkh summed up the modem 
experimental conclusion about evolution, Wright wrote: 

Perhaps the most important conclusion from statistical frenetics ls 
that neither the driving factor nor the actual limiting factor in 
evolution is ordinarily to be sought in the genetic situation (includ¬ 
ing the process of mutation} once die Btage of the interbreeding 
species of mvltipsUuLat organisms has been arrived it. The chiving 
force 3 s flic universal tendency of life to expand and to seek out ail 
opportunities. 'Ihe limiting factor in each case is the ecrilogic 
pressure from. other species and from the non-living environment, 
by which the speaes is ordinarily kept In place. 

Evolution is the penultimate expression of life in all its forma 
on this earth, arid finds its antithesis in the entropy of the physics] 
inorganic world. The ultimate expression of life on this earth is to 
be found in man alone, and the remaining chapters of the book 
are devoted CO this consideration. 


1 iP45>. fp-47^-477. 
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3. INTRODUCTION 

have- now completed Our study of evolution (excluding that of 
man) as seen by the biologist* after first considering the 'way in 
’which science and biology function* and Secondly by realizing that 
the scientific method,. or methods, have elicit limitations and are 
net infallible. Bqually, we realise that well-founded Rdentitic 
conclusions ate not meLely opinions- Scientific conclusions arise 
from sense data and they are arrived at cither by the inductive or 
the hypothet ico-deducti ve methods of study. Thus the scientist 
may tend to he impatient sometimes with the philosopher who 
doubts some scientific finding because of a philosophical difficulty. 
The scientist may agree chat it is the task ot philosophy to rake 
over the established conclusions of science and integrate them, 
hut, he may ask, which brand of philosophy must be used for this 
task? The dilemma thus apparent may be eased when we realize 
that philosophy also is not infallible; nevertheless* the more 
universal are the concepts of a philosophy, or philosophical 
system, the greater chartte it should have of integrating scientific 
knowledge. 

Catholics are well aware that the system of philosophy used by 
the Chutch, called scholastic pllildSOphy and Thumism, is web 
-adapted for explaining what she wants to explain in as universal, 
exact and intelligible terms as possible. Inevitably, then, the 
Catholic may tend to interpret Science along traditional philo¬ 
sophical lines, but it may nevertheless happen that some things in 
science arc not s ui table for interpretation in Thcunistic terms, and 
other interpretations may be attempted irt the light of modem 
developments in philosophy. If a biological matter seems to stand 
in opposition to some important philosophical concept the 
biologist will not discard the matter, hut he will wisely Suspend 
final judgment until the issue is clarified- There should not l>e 

* 2J7 



EVOLUTION AND CHRISTIANS 

dogmatism iA either philosophy or science, although there must 
be 'dogmas 3 in the sense of truths in both disciplines. 

When wt come to theology the case is different. Theology is. 
that system of knowledge which considers God and the leLatson 
of man to God. Many scientists unfortunately do not believe in 
God, and even if they do, many will assert that Science has no 
direct relation to God. Theology, it is said, has nothing to do 
with science, and in a sense this is correct, if by science we mean 
the day-to-day work of the scientist and nothing more. On the 
ocher hand, Catholics l>elieve that God, should enter into all our 
activities, and ideas, hence theology, as the Study which treats of 
God, has apart CO play. Strictly speaking, theology is the study of 
God’s Revelation which contains absolute truth. Positive science 
also seeks truth, her.CC it should be a help to theology and not a 
hindrance. Positive science and theology should be compie- 
mentarv to each other. A Catholic scientist would assert that any 
scientific matter which without doubt contradicted Revelation 
propedy interpreted, or the official teaching of the Chutch, was in 
error. 

As far as evolution is concerned, if it should happen that some 
matter k really contrary to Faith, the Catholic knows that sooner 
Ot later the error of the evolutionary finding will become 
apparent, and there would be r.o compulsion 00 him to accept 
St. But it becomes the duty of the Catholic biologist tra attempt to 
resolve the difficulty concerned. In this connection it is im¬ 
portant to point out that the opi nions of individual theologians do 
nnt necessarily correspond to the authoritative teachings of the 
Church- Evoludon itself furnishes ft good example here. From 
the time of Charles Darwin and the Origin efSpscicr many Catholic 
theologians opposed the theory of evolution, privately if not 
openly, for many tea sons which seemed legitimate to them and 
Still temoin SO, The Church said nothing officially about the 
theory until tgjo when Pope Pius RH mentioned it in a serious 
statement and he certainly did not condemn it. 

Now that we have given a short account of the Catholic 
attitude to the. acceptance of knowledge, w r e may pass On to the 
subject matter of this chapter, Wt hope that this chapter and the 
nest will be the j ustilicatson of the whole account of evolution 
which we have given, at least as far as Catholic and other Christian 
readers are concerned But it mast be remembered that the 
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opinions presented arc puccly personal and commit onl y (he 
wiiicr unless otherwise stated or implied in tile tent. There are 
some Scientists who may be disturbed because H scientific write! 
lias given an account of a scientific subject and then attempted to 
connect it to philosoph y and theology. They ate entitled to their 
opinion, bat SO is the IFdtervho contends that if jeiencfi does not 
become Integrated with all our activities and thoughts, especially 
that activity which is of moat importance to US, then sricnce has 
merely a utilitarian vadue. 

Faith is a living reality to all men, and it Covets ah their deepest 
activities- Even the scientific sceptic who lacks its highest ex¬ 
pression in religion, does not escape it, for all that ho does 
depends on faith of some tiind. To quote Aldoui Huxley i ] 

Ail sdcDoe is based upon an aer oF faith—faith in the validity of the 
mind's logical processes, faith in the ultimate e split ability of the 
world, faith that ihe laws of thought ait Jnws of things. Ld practice, 
I repeat, if not always in theory, such conceptions ate fundaments] 
to all scientific activity. Foe the rest, scientists are opportunist!. 
They will pass ftoui a commonaense view of the wodd to advanced 
idealist theories, making use of one cn the othet according to the 
field of study i n which they bjk at woek. Unfortunately* few (dentists 
in these days of specialization are ever called upon to work in more 
than one small field of study, Htnee their is a tendency on the part 
of individual specialises to accept as true paiticulai thenriea which 
arc m fact only temporarily convenicirtr It is highly unfortunate thtt 
so few scientists ait ever taught anything about the metaphysical 
foundations of science. 

'Thus first in this chapter we wish to draw together the account 
of scientific evolution which has been given in previous chapters. 
Next, an account of the evolution of man will be given because 
this aspect is crucial to any Christian, and then some points of 
contact of evolution with theological matters will be indicated by 
way of illustration- Finally we wish to touch OH some few points 
of contact with philosophy and to give our conclusions, In a 
word, as a Catholic, I wish to see if evolution, and particularly the 
evolution of man, opposes Revelation and is condemned by the 
Chuech. 
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i, SCIENTIFIC EVOLUTION 

Our shot! sytvcy of the history of organic evolution showed us 
that che mete existence o£ SO many kinds of organisms engendered 
in men's minds an idea of organic evolutioo. At first, this idea IVflS 
nebulous And was often expressed in a rather mythological my, 
but the realization that living things Sprang from" other living 
things seems to be a very old idea. With the emergence of science, 
before and during die Renaissance, the evolution idea was 
expressed in classifications and gradually mote definite and formal 
concepts emerged until the time of Charles Darwin, Sinoe then 
various evolutionary theories have been advanced and the subject 
has beert, and LS being, vigorously investigated experimentally. 

All this is dear to anyone who takes the trouble to Study the 
subject. Still, out readers may easily be left with two large 
questions unanswered, and these may seem to be the most im¬ 
portant of all. 'They are: (a) what is evolution, and (b) is it proved ? 

Firstly, what is evolution? The truth of the matter is that 
different people have different ideas about the subject. We Will 
give some of the must important ones- Firstly, organic evolution 
may mean that ail living things are ultimately descended by way cf 
regular sequences of changes from one or a few primordial 
ancestor- This idea asserts that at the beginning, when living 
things first appeared on the earth, there was only one, or perhaps 
a few, kinds of them, and over the years these have changed to 
produce the multiplicity of things we know from the records of 
the rocks, setd see around US today. 

Secondly, organic evolution, may mean chat aU things which ate 
common to a basic type or plan of construction, such as the latger 
plant and animal classes, ot even phyla, are each descended from a 
common ancestor by changes is the years went by. Here nothing 
(S said shout the derivation of these huger groups themselves. 
Thirdly, we give here a definition by K. Mathei 1 as; Evolution is 
the occurrence of persistent changes in the hereditary constitunou 
of ft population t>f organisms." If any ocher meaning k, or de¬ 
finitions, of organic evolution exist, they will probably be frmnd 
to be included in one of the above, ot an extension of one of them. 
Some definitions may attempt to connect all of them together. 

1 p, i. 
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One tfiiog in aunmon to all the meanings given above h tint 
evolution is thought of ils an evolutionary process i n nature. We 
should point our chat an iJ$a of evolution arose -flns-t, and the 
recognition of it as a process came later. A philosopher may 
object and say evolution is not an idea, but the history of the 
subject shows that there has been, and iij in men's minds a 
concept of evoiution arising from the basic philosophical idea nf 
change. Whenever we mention evolution either as an idea ot as a 
process?, it J .3 clear tba£ we imply SOJUfithing which exists also in 
realty in nature and which we conceive either as an idea ot 
appreciate as a process according CO the context in which the 
matter is being discussed. 

It may he noticed that in the definitions of evolution given the 
word 'species' was not mentioned- Not so many years ago 
biologists would have unhesitatingly included this word in a 
definition of evolution. But in the past the word has involved 
biologists in so many circular arguments leading to no definite 
conclusions. A biologist is mote aware than anyone that mor¬ 
phological species at least exist in nature, but he hesitates to 
define the word, unless he gives an. empirical definition such as 
thftt of Tate Regan 1 which reads: r A species is a communl ty, or 
rmmbcr of related COm muni ties , whose distinctive morphological 
characters areio the opinion of a competent systematise sufficiently 
definite to entitle it,, or them, to a specific name . 11 The species is 
thus a peg on which, to hang the things we find in nature. This 
definition is non-committal, and it certainly steers dear of any 
philosophical connotations which may be attached to the word. 
A philosopher may be disturbed by a change of rnfrn which may 
be at die basis of. ktf conception of species, but the empirical 
definition avoids difficulties of this kind and accomplishes all that 
the aystematist wishes it to do r Such a definition may be applied 
quite easily to che definitions of evolution already given. The 
process of evolution may then be viSuallMd in the nature of 
changes which occur ill communities, rather than in individuals, 
although, of course, changes in individuals art not excluded and 
ate ultimately basic to the whole process. 

Now we come to the second question; Is evolution proved? 
This question is sometimes put in the form 'Is evolution a fact ?* 
Obviously the answer will depend Oil what wc mean by evolution, 
* 1916, p. 71- 
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by proof, by be t and the evidence for evolution. Different 
people againraean c 1 Lffceceit tfcmgu by these words. To enter into a 
discussion of thru meaning would involve uS in lengthy linguistic 
and philosophical topics which ace not necessary h ere. Absolute 
fact may be attained regarding objects and their movements 
aiound us. The obsetvatiocial facts of science are absolute io this 
sense in that we cither observe them oc wi do not. llLe idectisl 
Will believe that his fact is true, bat he will not call it absolute 
truth because, as likely as not, he would he doubtful about the 
meaning of this concept when applied to anything except simple 
observational happenings or objects. In Chapter t we have 
already discussed the meaning of ‘theories*; suffice to say h«e that 
the scientist then builds his facts into a theory. 

If theories of this kind have a universal appeal and arc sup¬ 
ported by strong evidence, the scientist regard* them as being 
true, even if it is only approximate ttu th, until someone demon,’ 
smtes that they ate not SO- Seme scientdffcs will arbrm a theory, 
such IS the evolution theory, in this way, by saying that it describes 
or explains a true feature of nature so far as the evidence shows. 
In this sense the biologist may say that evolution is a fact, but he is 
not then asserting absolute certainty- A theory is true so fat as 
ob&crvstioual facts and logical deduction nr induction indicate; a 
new fact may emerge which may show that the theory is only a 
partial explanation of the reality in nature. In the light of modern 
scientific knowledge however, the scientist knows quite well that 
theories of universal applicability contain a large measure of 
absolute truth, and new discoveries will not disprove them com¬ 
pletely, although they may cause them to be modified or extended. 
Evolution is a theory of this type, G. FL dc Beer 1 writing of 
organic evolution and the Datwin-Vvatlace Centenary, wrote: 

With the SUM confidence a* it accepts Copernicus 1 demonstration uf 
the movement of die Earth cOusvd the Sun and Newton's forrmheinn 
of the laws of thi* movement, science tan now celebrate die cen¬ 
ters ry of the first general principle to be discovered applicable to the 
whole realm of living things. 

In evolutionary theory very many facts have been discovered 
relating to comparative anatomy and morphology, geographical 
distribution, palaeontology, classification, genetics, etc. Ifi each 
1 195 th P' 7 &- 
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of the lines of evidence the fiieti regain ewentklly unrelated* OT 
remain restricted K> the narrower field propel to them, bqt they 
become beautifully related and can be given a more complete 
explanation if evolution is postulated. Except in genetics* the 
evidence for th& occurrence of organic evolution is indirect. Or 
circumstantial!, because It is dependent on these various im 
dependent lines, but it is compelling towards a single general 
conclusion. Some palaeontologists, however, tend to regard rhe 
fossil evidence as mote or less direct, and there is much to be said 
for this view. It would be a serious mistake, however, to isolate 
these li nes of evidence. This was the error of D. Dewar whom we 
have already mentioned several times. He asserted that evolution 
Stands Of folia by the palaeontological evidence alone, Taken 1 >y 
Itself comparative morphology, or ftny of the other sections under 
which evolution is studied, except genetics, does not prm the 
occurrence Of Organic evolution. The facts in these sections alt 
find a reasonable explanation in the fight of cvoluti on. Each fine 
separately could he said to Suggest that evolution has Occurred, It 
is ft geeftt mistake when dealing with theories, tit occurrences of 
great complexify, to ffl.ll into the fallacy of divison . 1 Isolated facts 
may not appear to he important* but when facts are united or 
considecedi ftS ft whole their importance is seen In a cleared and 
different light. The fallacy of division Isolates single aspects of 
complex, matters, removes them from their context, and their 
meaning is not then so obvious, but biology is not actually made 
up of separate compartments such as anatomy, etc. The organism 
:S a unity within itself and with its environment. The biologist 
merely divides the subject into various branches as a working 
convenience in dealing with complex things. ’When taken 
together it is then seen with Overwhelming force that all these 
lines of evidence converge to one conclusion: they idl point CO a 
reality in nature, that is, to evolution, 

Up to the present no Other Scientific explanation of the facts on 
which evolutionary theory is hared has been given. Tire biologist 
considers dial evolution Is true. Strictly speaking, lie cannot say 
it is ft fact in the absolute Sense because of rfie limitations of his 
subject, and because of the circumstantial evidenos, but Lie is 
entitled tsn affirm that the theory possesses a very high degree of 
certitude and oo scientist really expects to go further than this, 

1 Sh Jt,F, CUjhe, ijku, p. wi, 
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hi genetics. we may that evolution finds its dfcttt proof in 
The sense of MtthCE because penisttllt hereditary changes A occur 
jn populations of organisms. If we bring this to she *k)« 
in Taw Regan's senSO of the word, we may also say that the method 
hv which some species have iirisen has been demonstrated and 
W me have even been synthesized. To a biologist this ft evolution. 
It is evolution on the small scale, no doubt, but still it gn.es a 
ditect example of the changes which the indirect evidence so 
Jtraudy Show* to have occurred. The genenc evidence is direct 
ouSwtory evidence of the evolutionary theory which had been 
formulated before sufiftdent was known about genetics to attack 
the subiect nperimsnHdly. ^e are enutkd to say that on a 
varietal, species, or even generic level, evolution IS CfirUmLy true, 
b, t -he Farther away we get from the spears, that is when we come 
to consider genera, families, orders, etc. we find a progressive 
diminution in the degree of certitude until we reach the phyla 
wheel there is little evidence, either direct or indirect, that these 
vtoeps have actually evolved from .fewer and fewer phyla untd 
we arrive at the original progenitor of all things The phyla in 
fact S-and apart and distinct in the light of OUT modern knowledge 
of them, and they all appear fully formed, or determined, in the 
rocks. That i* the fact. In the nature of things., as we proceed Up 
from, the spades or community level to genera, families, tlc, > 
note that the numbers available for study diminish very rapidly. 
And this fact in itself makes it more difficult to obtain th* more 
comprehensive evidence such as we obtain at the species Web 
There a£c many hundreds of thousands Ot species, but omy 
twenty ot thirty phyla of organisms, which, of coutse. are sharply 
cut off from each Other because of their different basic p ans. 
There is no reason, however, why these different phyla should net 
have evolved from common prototypes, and there 1* a strong tf 
priori possibility that they have done so, 1 

Nevertheless, the biologist has always worked on the basLC 
postulate that the organism is a unity 50 itself, and that nature IS« 
unity in diversity- He expects to find law and order in mture- 
He does not find any fundamcntil contradictions in nature* 
expects the Laws he ^ncovcis to be generally valid. Hence, if ht 

iSimng upinitDa, wllfcK were., dD not 
of dii rfe ?hy% W tier giver* by G. G. Samplen (m* TSJ^ 

I$6c). 
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proved beyond doubt that Species and even genera evolve* and 
has shown a great probability also for the evolution of families, 
he is entitled, on this basis of unity in nature* to consider that the 
process also underlies the history of orders and classes. The dis¬ 
continuities between these bigger groups Fire large* but they are 
not absolute, and the evidence still points towards an evolutionary 
explanation.. It should be remembered too that there ate 
organisms which are intermediate between the orders and classes, 
that is, organisms possessing features of more chan one order or 
class, such as A.r(bat{?pterjX, 1 There is thus no biological reason 
against the evolution of orders and classes. Further,, in his lines of 
evidence tile biologist finds many supportitlg and hitherto in¬ 
explicable facts for the evolutionary conclusion which strengthen 
it still further. The grearcst d i fficulty for the theory still lies with 
the phyla. But biological] knowledge Is only in its in&ncy and 
there is good reason to think that Stronger evidence of the 
evolution of the phyla will be forthcoming in the future. 

Jo answer to our two questions, then, we may conclude that it is 
not definitely proved beyond all possibility of doubt that evolution 
in the large unrestricted sense of the ultimate production of all 
organisms from one primary one has occurred, On the other 
hand, it has been definitely proved that species [and even genera) 
and communities evolve, dtat is* that an evolutionary ptocess 
exists an nature. There is a very high degree of certitude that this 
process is general throughout organic nature. 

The theory of organic evolution is thus a very comprehensive 
one embracing the whole of the Organic world. It unites organisms 
into one grandiose scheme. It gives a sufficient, intellectually 
compelling explanation of the multitude of frets which otherwise 
would represent nature as being chaotic. It enables biologists to see 
order in nature. It shows tlteoccurrence of law in nature. It shows 
an unbroken continuity of genetic relationship among all organ¬ 
isms. It shows the most dove-tailed and elaborate System of second¬ 
ary causes which have so far been uncovered by man- A& a progres¬ 
sion from simple to complex, or front less perfect On more perfect, 
it indicates finality in nature and pointa file way to the end in view. 

As regards the mechanism of evolution, or the causes, of 
evolution, following from Charles, Darwbfs theory of natural 
selection and Mendel'S discovery of particulate inheritance, a 

1 Sm lip, IJ9-T+I *i mb. 
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modem theory of causal evolution has developed. This theory ac 
present recognizes four major iact-tirs in the process. These are 
mutation, recombination, boSadon and selection. It is impossible 
to separate them one from the other in nature and in evolution, 
and on the bads of the fallacy of division it is an error to do so. 
For descriptive and research purposes they may be considered 
separately, but in oatnre they act in unison. Hence, it is wrong 1 to 
say that selection alone is the most important factor in evolution. 
It is not; it is one of the four factors so far discovered* and in any 
case it is not as universally applicable as the others, because man 
himself is to some extent Independent of it. Selection icsdf 13 a 
phenomenon which is so obvious, hut it Is also so complex that it 
probably indudes several Other major factors which art not yet 
appreciated, The future will certainly resolve what we caU 
selection iiltn its components, and It is confidently ro be expected 
that many of die difficulties which various people find in selection 
will disappear. 

In conclusion we may sav that organic evolution is nowadays 
an accepted scientific theory With very few qualified dissidents, 
and the major features of its causes are understood in some degree, 
^'e are not yet able to predict die course of evolution, although in 
some case we may control the process. The scientific theory is a 
basic generalisation applicable to 9l!1 organic nature, and SO 
warrants, even demands, the attention of philosophers and 
theologians who may extend its interprets don and give US further 
insight as to its meaning which eludes empirical biology. 

J.. THE EVOLUTION OP Ji AN 

A. Gmmri ai&umi 

It is a fart that the nature of man is dependent on his physical 
attributes as well as on his psychical qualities. Although be com¬ 
prises body and soul, be possesses a unity unique in out know¬ 
ledge of living things. If life icstlf is the eternal enigma, spiritual 
man is the quintessence of that life- In the ’world of creation he is 
alone; them is no creature like him. A mete speck in the cosmos, 
he has the potentiality to rule it. Man is undoubtedly unique. He 
even si mulates die Creator by his activities and productions, all of 
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which emerge only thmugh the agency of his body. In fact, many 
people would give pie-eminence to this material side of man, 
assuming chat all his higher qualities at products of it, Man is a 
tody and brain. We do not, hoover, helaeve in materialism of 
this hind, hut it is dear that a knowledge of man's body is 
essential to an understanding of him as a biological and spiritual 
creature- As knowledge goes, ir is only through hit body that his 
connection with the test Of the animate world may be traced, 
Hence the problem of his origin arises, and ir is at this point that 
evolution enrera into the picture. By the evolution of Juan is 
generally meant the evolution of physical man, 1 - and some 
evolutionists Write as though this were the whole man. Bur the 
immaterial pate of mfln is not subject to the laws governing 
materia] things, and the evolution of the SQul can only be con¬ 
sidered in a very special sense meaning development rather than 
change- Man has not always inhabited the earth; as far as we 
know geologically, be was not in existence more than a million 
years ago. 

In this section we wish to give a concise account of the 
evolution of man. It 15 unfortunately true chat many Christians, 
including Catholics, have been very waty a bent discussing this 
topic, or have even denied its possibility outright. The reasons 
for this attitude are complex, but they are mostly bound up with 
Questions of Faith. It is right that any theory which seeks to 
prove that Jinnti is mrtij a product of evolution and nothing more 
should he combated and exposed for all its fallacy. A mere denial, 
however, has never accomplished anything among evolutionists 
who hold such views. Biology is within its OWH proper sphere 
when it seeks to ascertain tile evolution of man's body, and in One 
sense this is One of the highest aims of the biologist Hia finding? 
in this regard a re Subj ect to investigation and confirmation, hut a 
denial of his objective conclusions would seem to be a negation 
of the use of our intellects in their proper task of the study of 
man. In point of fact few, if any, competent biologists or anthro¬ 
pologists, who have made St Special study of the matter, doubt that 
man is the highest expression of rh* animate creation, and that be 
has sprung ftom some lower type of animaL, In the light of 
modern knowledge of physiology, anatomy, palaeontology, etc,, 

1 Thiis Ln-ipnrw-.t poliie has instH «!iph*ii«d hy W. E. Lc Grra Clirk (ij.54) vine 
rnfferi (Q -mic (tie Idubjg-icaL Serai Homo sspKX> ir. biology slid oriihtopclofty. 
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this conclusion is crystal dent to them. But we should remember 
that it is a scientific conclusion and is thus subject to all the 
supposition* on which science is hsclf based. Science is_ ob¬ 
servation and the question of the nature oi man is not entirely 
subieet to stow data, although It may he signed that in a ssnsa all 
known human activity is basically dependent OH experience of 
sofflfi hind. At this point the biologist can join hands with the 
psychologist, philosopher and theologian. We suggest that a 
proper understanding of man can only come from a synthesis of 
all the relevant benches of the knowledge of man. 

It is necessiev to be dear about two points regarding any 
discussion of turn's evolution which we have already mentioned, 
pint, k is scarcely doubted by biologists and anthropologists that 
man has evolved from some lower creature. Tnis is not a con¬ 
troversial topic. Secondly, it is not known from what animal 01 
group of animals he has evolved; the line of his evolution is not 
deatV even today. These two points should always he borne in 
mind because many laymen reading technical account* of the 
mattei may easily get confused about the issues contained m the 
accounts. There is much controversy about human evolution and 
same writings are emotive in their speculations. It is tight, how¬ 
ever, that there should be argument and counter-argument 
regarding a scientific problem which is not solved. But this 
problem*concerns only the c bow h and not the :faet h of the 
evolution of man. 

This question QE the 'how" of the evolution Of man will 
probably remain a controversial issue for some considerable time 
tn come, and it may indeed never be completely solved. Some 
sixty Ot seventy years ago some biologists were emphatic dint 
man and apes were mote or less closely related, but the picsent- 
dav view has radically changed- No one now holds that man is 
descended from any existing ape type. It is futile to look for the 
missing lint between man and gorilla. As long ago as i^ift 
Chalmeis Ntitchdl 1 wrote: 'Writer after writer, with imueasLng 
insistence in recent years, had dwelt on the obvious ket dud 
listing groups (he. of Primates) arc at most in the relation ot 
collateiai descendants of a common ancestor, and the tendency 
has been to place the common ancestor ever lower and lower OH 
the tree of life/ A word about the expression "missing link’ may 
l i9iB h p-+P7. 
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be salutary, Any creature which possessed Some of [he Characters 
of mao and of anthropoid is in a sense a missing link, hyt it would 
not necessarily he tbt mis Bing link* that is, tine creature which 
indubitably connected man with the id Wet creation showing 
distinctly the ilne of man's advance; the point at which ape ceased 
atul man began- It is probable that there are many missing links, 
but unlikely that there is any one missing ] mA 

BOOK writers trace man back to a hypothetical generalized type 
of mammal; while Max ’Westcnhofer 1 considered that man Sprang 
from some type of Selachians and tailed amphibians, Douglas 
Dewar- stated that Setgi, Berg, Belogolovy, JHaxke, Klein- 
schmidt and others held a similar view, G. Elliot Smith in Tift 
iff Mar 1 derived man ultimately from an insectlvore. In 
his pedigree the main Stem of mammalian evolution ended In 
rnau; die apes, etc., branched Off from this stem which passed 
through a tarsioid stage and a monkey Stage to the beginning of 
the human family. Sit A. Keith 3 also derived man from 4 common 
train lime Q£ stem of monkeys ftotll which also sprang gibbona, 
gorillas, etc., at different geological periods. H, Klaatsch 5 and 
F.G.Crookshank^ considered that different kinds of men evolved 
from the ancestors of different, existing ape types. A modern 
opinion summed up the matter by saying: 'Man's immediate 
phvletic relationship to the ancestors of the anthropoid group of 
Primates cannot be doubted-’ 7 

Morphologically and anatomically man belongs to the class of 
verccbcatcs caked Ainmmfiiti, Order Pri/ssttt. In 187} St, George 
Mivart defined the Primates and his definition still stands today. 
They arc 'unguioilabe., claviculate, placental mammals, with 
orbits encircled by bone; three bines of teeth, at least at one rime 
of life; brain Always ■with a posterior lobe, and calcarine fissure; 
[he innermost digits of at least one pair of extremities opposable; 
hallux with a flat nail or none; a well-marked caecum; petvis 
pendulous; testes SCTOtal, always two pectoral mammae'. 

Classifications of the Primates vary to some extent, but 
following the definition of Mivart, S. Zuckeemaa 4 gave a classifi¬ 
cation AS detailed below which is generally acceptable. There, 
are three sub-orders with various divisions and families as 
follows: 


a j'jjB.p, flJ. 3 iv*t, 

*iSii. T S r Zvcker.TUii, 155.5, P- 3 ^ 5 - * 1 fli j. pv 17, 
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Fuuths 

Sitb-ordtr F, Li (Lemurs) 

StMi£5: LdWtnfN#*i with the families UnMXldae, IndriMdac 
and Daubentoniidsw (occms Madagascar) 

S et i ct: Uriiiforirrts with the families Lorisidae tmd GtUgidtt 
(occurs in Africa and Asia) 

Sub-ertkr t, Tersifiiita (Tarsioids) with the single family Tarsiidae 
(Occurs in Asia) 

Stib-brdtr 5- Kfl&mirfw (or 

Division: flStew Wotld Monkeys] with the rami lies 

liapfliidsue and Gebid&c 

Division: (Old Woiid Monkeys) occur in Africa and 

Asia, with foot families 

Fatuity l Cercopitbeckfae 

Sub-family: Gcreopithecinae including the 
Mandrill, Baboon, Gdada, Black 
Apes of Celebes, M aeaque, Mange- 
bey, Bates Monkey, Guenon and 
Talapoin 

Sub-family; Colobitlae including the Langur, 
Snub-nosed Duigur* Proboscis 
Monkey and the Gueleza 
Family A, Hylobatidae or Gibbons 
Family y, Pongidae. including the Gorilla, Qiim- 
puo» arid Orang-utan 
Family 4, HOM 1 NIDAE (Man), 

Thus the Primates form a natural zoological group. Some 
writers have separated Mstfl from this order, but when it cott>es to 
definition by the characters of morphology and anatomy this 
separation is difficult £□ maintain. We should note that man fa 
classed as a Primate on sooldgleal grounds and not on the basis of 
Other qualities -which be may possess- The majority of characters 
of the body of man can he paralleled among the members of O 1 * 
or other of the remaining families and genera in the order. After 
an exhaustive analysis of about a thousand characters ui kniL-rs, 
apes, monkeys and man, A. Keith 1 found thst man shared J.i 
11911- 
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characters with the gorilla, 3ft with the chimpanzee, j($ with the 
oiang, 33 "with the Old World Monkeys and do with the New 
World Mosikcya. According to this lijt man shams mu ft char¬ 
acters with the New World, oi Flaiyrrhine, Monkeys than with 
the Old World, Of GattiUhine, Monkeys, Slid the orangs, Yet it b 
generally assumed that i,n the Upper Cretaceous Period a primitive 
group of mammals called the MtmSyphia gave rise CO a getjup of 
ptoiimians, and from them the Lonoroidea and the Tarsioidea 
were descended- In die Lace Eocene Period the Taraioidi gave 
rise to both the Camrthme and the Hatyrzhine Monkeys, Apes 
and man aie considered to Ik descended from the Old World 
MonkeyS- The anomaly of more characcers in common between 
mao and the New World Monkeys and Orangs may indicate, 
therefore, that man is a relatively unsperiaLtSed creature with 
many primitive features, Mat! is actually regarded as: a generalised 
form of Primate, 

As regards rhe evolution of man ic is obvious that a large part pf 
the evidence will rest on comparison of the hemes of living and 
extinct men and other Prbnntes, In Living forms other strncturfil 
and anatomical features may be compared- But in this regard, it is 
the criteria of comparison which give rise to controversy in spite 
of the fact that, according to ZucketmMij 1 human hones should 
never be confused with ape bones. In all questions of the deter¬ 
mination of evolutionary relationships based on comparative 
anatomy and morphology of living and extinct forms Le Grus 
Qark 2 pointed out a source of error due to indiscriminate com* 
parisons of the characters of the animals concerned- For example, 
man and monkey have th* same number of teeth, the Same bony 
components of the skeleton and so on, but it would be wrong to 
conclude that therefore man is descended from a monkey, or is 
even closely related to one. Characters of this kind may indeed 
have been inherited from very remote common ancestors, and 
thus Clark called them "characters Of common inheritance 1 . Such 
characters enable a zoologist to classify organisms ptoperly; for 
example, man and monkey are both Primates, hut they tell us 
nothing about closer relationships. In contra distinction to these 
characters of common inheritance, Cbnk recognised 'characters of 
independent, acquisition* or features which were acquired by, say, 
the members of a family, after it had branched away from a 
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remote common ancestor. Such characters arc peculiar to the 
■members of a family, and they do indicate a true relationship 
between the organisms possessing them, and, of course, it is these 
characters which are of importance in questions of the evolution 
of mao from lower oripm Isms. 

This problem was also ably reviewed by W. L. Straus, Jr.j 
who gave a list of fifteen of the most important geitetalized or 
primidve characters in man and discussed their significance. 
Because these characters arc nor commonly seen together in print 
we give them below From Straus.- They ere: i. The Sequence of 
eruption of cbe deciduous teeth, involving mote particularly the 
early eruption of the canines, a. The tendency towards late 
obliteration of the cranial SOtures, 3. The anterior convergence 
of the mandibular rami. 4. The ab&efiCC of a bacW&rd-projecting 
simian shelf uniting the two hake? of the mandible at the sym.- 
phyilal region, j. The comparatively great distance between chc 
diorax and the pelvis. 6. The quadrupedal posture of the band in 
which the palm, with extended fingers, is pkced against the 
ground. 7. The comparatively generalized proportions of the 
hand. particularly relating to the rhumb. 3 - Essentially generalized 
features in tht hand musculature, especially that of the thumb, 
t). The generalized archltectare of the isbiai region, including the 
absence of callosities, to. A relatively long mid-tarsal segment in 
the foot. it. Essentially generalized features in the leg and Foot 
musculature, ti. Absence nF excessive farehrub development. 
] j. A primitive sequence OF epiphysial union- 1 4 ‘ -A com- 
pfttai ivclv primi! ivc plan of dcmiatoglyphics. t 5 ■ Absence of a 
sexual skin in the Female. 

If we bear these points in mind WC can appreciate Zucfccttdftn S J 
concise definition of man, which aeparates him From all other 
Primates AS follows: 'Man is a big-brained Primate with the 
power of articulate Speech- He walks crccc and uses hss bands— 
emancipated from the task of carrying his body—to work with 
artificially-fashioned tools. His teeth, and correspondingly his 
face, are small relative to these of the apes, and he .is onmivoEOuS 
as Opposed to being predominantly fmgivorouS. These are the 
essential qualities which distinguish him from the ape, whose 
capacity fur speech is confined to the utterance of sounds the 
connotation of which is purely emotive, and whose very limited 

L *nd pp. aos-iii- *i£54,p, jcq, 1 T9T4. joj. 
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ability co use "permanent" tools, as demonstrated In ejpcri.mcfUal 
studies, is prohably never man ifested Jn the wild/ Althnugh this 
definition] [VicntionS articulate speech and the use t>F tools, it does 
not directly mention the higher mental faculties. If these were 
jfic5udtd then man would rant, not only in a different order, bntin 
a different kingdom- There is a wider dUferenK In this respect 
between H a man and a gorilla than between a gorilla and a daisy. 
The one is incapable as the oLiicr of creating civilization', as 
Humphrey Johnson 1 said- Another definition WHS given by Le 
Gtos Clailt 1 bat it was designed to limit ‘man' to the two species 
tfome ntmdtrfha/mjii and Hvm ttfpws, thus excluding the older 
fossil hominids. 

Morphologically and anatomically, man, as a member of the 
zoological family Hominidae, is closest to the fondly Pong it he 
which contains the gorilla, chimpanzee and orang. While each of 
these animals has its nwn specializations (that is, dlamctets of 
independent acquisition), which arc so advanced as to render it 
most unlikely that man could he related to them in any other way 
than as a distant collate ml, the kinship becomes mOK pronounced 
w^hert functional chamecertsti CS me considered, L-ot example, 
ZuChetman 1 gave the following functional features shared by man 
and apeSi nn breeding season, similar facial movements, diurnal, 
macular and colour vision, scrum precipitin reaction, blood 
groups A ot b or both, related red blood cells, allantoin absent in 
purine metabolism, BOfinstraal cycle, etc. These may be characters 
of common Inheritance of a not coo remote ancestry- 

Tims, in a zoological and evolutionary sense, man Iselongs to 
the same Stock as that of the apes, not by direct descent, but 
probably by descent from A enmmon ancestor which produced 
both man. and apes. This stock can be traced back also to 
that of the Old World Monkeys. These animals Stem to 
have sprung from types representative* of which have been 
found in- Lower Oligoccne formations, about forty million years 
agn. 

Th-csc artiest types ids known chififly in the do n it ot some 
fossil teeth and mandibles which are named ftmfrtf** it, Pn- 
pfiapiibsiHt, MotripithttlU and They were all monkey- 

like, and Pmfidtau is perhaps the most primitive member of tile 

1 E$*j,,p. 6. * rajT,(j,4l, 

3 e^j jj. p, 3^4 ailia l"acJt 3 ifc. 
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family found to dilte- Sonne, evolutionists consider that the 
Hfifflinidv sprang directly from thus, or front a similar type, in, 
dtpendently of the apes in the OUgMHK Period. By the time of 
the Miocene Period these earlier forms had advanced to give rise 
to apes such as Dtyapitbtiffl and Ptkpiihettti, which were widely 
distributed and apparently plentiful in Eutope, Asia and Africa. 
AH of them were generaliwd forms, and it is considered that 
cutting types of the family Pongidae and outselves sprang from 
them. There is no need to give here any more details about these 
ancient forms of the Primates, but, if they are indeed the ancestor 
of the apes and ourselves, it is legitimate to expect that some kind 
of intermediates eadsted, and this brings us to those very intereHC- 
ing types called the cit Ape-Men, as they ate 

called by some iuithropclogistfl, and which hive aroused so much 
interest in recent times. After considering the AustralopL the ones 
it will be necessary to examine the fossil hnminrids and SO to those 
creatures which were undoubtedly men as we know them, that is 

to F.ay Hmb Japittu. 

Firsts however, we should mention a type known for many 
veats but which has received an added importance due to recent 
discoveries. In rftyi P. Gervais 3 described a mandible with teeth 
found in the Upper Miocene or Lower Pliocene in Tuscany. This 
wilS called OmpUkitttt hamboH and it Was considered to be a 
C&tarrhine or Old World Monkey Ot CcicopitbeCOid (see classi¬ 
fication, page ijo), but its e#act relationship was a matter of doubt 
Other fossil remains of this creature were later found, and then in 
l£)4 HtlizeleC 3 published reconsidered descriptions of about Jiffy 
individuals of Qmfiihaau. Most of these fossil remains com¬ 
prised jaws and teeth, but lamb and trunk bones were also 
included. Hdrccler concluded that Qreopitktwt was not a. monkey 
at all, but was hominoid,^ that is, it belonged to the group in¬ 
cluding man aod apes. Furthermore, it differed from the apes, or 
Pongidae, and was rather botuinid, that is belonging to the man 
and man-like creatures. Then, in 15153, HuKelct obtained a nearly 
complete inract skeleton cf Orwpitb rrttt discovered by coal miners 
at Baccmelo, Italy, about aoc metres below the surface (see also 

1 iByj and i R71S- 2 2 354 and igjfi. 

a Qjnfusitm itxvald fnprt arise benreen tbnc t-timE-j hnmlmd aou hfirmimns. 
.Hofi'diu-ud. rden to the nprt {ddfflipiHWS, gnirUIn, Drang) and tMA ; bomirad r^trs 
only to man *tld IfHtilrllit* creatures wnch as- tb* to S311 humajujUi Li ft tjnonpffi 

Of homiaLd; while cerccrplttictoUl fdisfl tQ Che va ileus rooiikEys. 
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W. t- Straus, Jr.). 1 This material awaits detailed examination, but 
it should go far towards setding the exact systematic position of 
Qnopfthait,, and it amy then be found co he it true hemini d, ot a 
creature di reedy ancestral to homifiltls, a ho nun aid* a cercu- 
pilhecoidj or perhaps it may reveal a new branch of Primates, If 
it is lucked a hnnumd* or near humlnid, it will bt of consddeiahle 
importance not least on account of Its age which serins to be at 
least ten million yOfuS, 2 

B. The Australoplthurhim 

In TJiJ R. Dart published a report of due Taunga Skull which 
bad been found in a cave at Taungs, Bccbuanaland, South Africa. 
Datt considered it possessed both human and ape features, and be 
called it Auiimhpiihsisii nfrkmtt (the Southern Ape). It was the 
skull of a young creature. Then, later, in r 53 ( 5 , R, Broom began 
his searches for other specimens and he found (1538) fossils of 
three eu four adults in a cave at Sterkfantein, near Johannesburg. 
He called these PkiiarUhrapiu. In 15.38 also Broom described a 
further skull called PaNOthrGpitt 5 Jund in iimescone rocks at 
Kromdraai, neat Johannesburg, Since then several Other similar 
ar.d also unrelated fossils have been found in Africa. V/q give a 
List of die wiliest nf these ancient African fossiis below. Numbers 
1-3 aie Australopithednes and cumbers, (j^ro ate other types. 
Because of their Special significance :uid interest fot human 
evolution, and for descriptive reasons, we will deal with these 
organisms separately from the heminids, although many 
Authorities consider them to be primitive members of this family. 

1, Aflslrahpithsuu afrimnitS (Dart, 15.13). This is the Taung-s 
skull, consisting of a nearly whole young skull with some newly 
erupted teeth. Found at Taungs, Bechuanaland. 

1 [pSTCand t^s*. 

1 Since dils ; 'cciiccn sc me fresh ini'-r.T.nion abrjut Onrafti/irmr has bcai 
pu&Uriwd. D*. Hiinekr W found tfat rklj i.[tacur= pofMcivd featufc? cif baih 
cnan and apu 'hut tcceiirs to be diNt. n.ir Jiwr either of rhr r. He rcir-iidm I bn due 
g,un'.p rnpi<sei:.i('(l by tftta rrMiu« wsw. a ss'i.'.rr.re, d jtinct, i_*ui salty br;..icl*. Frcinn 
the imJn fmninitl Lieu: of tveUsticai Trtiktl Ira: after 1 he aiehcoyyld JJw had braeched 
■ar? fraET ibe cemmara ianwlni'rf srenn. An the dpc of Crnpit&tnii is i:: tin region n£ ten 
million ycarfi, Kdraln's ctfrxtujtiun, U Oflrtwt, UldlartM (b« the direct anctuun ciF 
man wsjc. in existence it leijt ten miibcfi years age, laid that pnhapt rtiarl H OOt (Utfl 
a nwesr IrtlVal On tkil Carth H V?( bate previously been led to behave. MarTi erriln, 
titulary iiae may thui srmrtb fir buck ir.bo the Tertian* Emftce G. Your ji in * rejjtjarcd 
Lnrtnrfeflt V'UlIl Dr. Hiieder in Tit Ji'iriitjy Dswr h Jane 3 and a 1 , 1 jifcJ. 
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t, /UatT&IopiifisaB protmihem (Datt, 194ft}. This wa& found at 
Makapansgat in the Central Transvaal and consists of die occipital 
part of a skull* a mflfldible, maxilla and pare of the pelvis, 

y PlsrifixlbrBptu iratssi'sutensis (Broom, iy jS)- This '«s found 
at Stcrkfontcin, dear Ktugersdorp and Johannesburg and it 
consists of a fl£afly whole adult skull* a mandible and some other 
piece of bone. 

4. Ptifmtbwpftt tvfatffw (Broom, 193 ft)., which was Found -at 
Kromdraai, near Krugersdorp and Johannesburg, consisting of a 
cranium (or calvaria), the base of a skull, part of a mandible and 
snout and another mandible. 

j. ’ParsBlbtppttf tnnsidmt (Broom, 1949a and h), which consist 
d£ two mandibles and a metacarpal bone found at Swart brans* one 
tilth from Stciktontein, near Johannesburg. 

6 . T*lmibr$pm taptittit (Broom and Robinson, 1949), abo 
found at dwartkrans, near Sterkfonttlci, and it consists of a piece 
of a jaw, 

7, PnOKOli ajrkam-i (Hopwood, 1933a and b), from the 
Miocene of Bast Africa, consisting of parts of a skull, limb bones 
and a nearly whole skull. 

3 , 9 and 10. I^iKHiOpitbtcsls isgstti (Ilopwood, 1933a and b), 
LimmpiihtUtS mtnti (Maclnnes, T943) Arid XatOpMstfittf kvmtnih 
(He®wood, t 9j. j a and bj are not very well known and seem to be. 
similar Co Propthpithsats. 

While PtQttMttl has beeo regarded by Madnnes 5 and Leakey 3 
as on the line of human descent, Boxwood 1 was icclined to 
regard it as nearer to the chimpanzee. Thin creature along with 
the two Species of Ut®/mpiti>tcHS and with Xmopitfyai r, although 
they are recent African fossil finds, are not seriously regarded as 
being neat to man, or intermediate between man and ape. This 
remark, however, does not apply to the rematoing members at 
this series found in Africa. Many evolutionists regard the 
Australoplt hednes, as ttue ape-men. Thus R. Broom 11 considered 
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them to lie so distinct and important as ta constitute a new family 
of Primates with thret suly femmes as follows: 

Sub-femily i; Aurtrakpiibtcisat 

species 1 Australopithecus africanus 

Sub-family at ParatithnipM 

species; PftranthtOpus robustus 
P, cussidens 

Sub-family j: .d ftbmthr flpmm(?) 

species: (Australopithecus) pcometheuy. 

The Tefenlbyapiti jawbone is difierent to all of die above and 
will be considered UteT. 

Difficulties arise ovec the naming of these fossils. Sometimes 
they 9-re referred to by a scientific name, sometimes by a popular 
natudj such as the Taungs Skull, and so on- Socoe writers 1 tend to 
indude them in a single genus, Jtustnihpiihsisi^ with different 
Spedes names, and this would probably be the simplest solution 
to die difficulties arising from their naming, until at least a 
sufficient number of fossils have been found to warrant a com¬ 
parative basis for classification. 

Since the original discoveries of these fossils in South Africa a 
considerable number of various kinds of bones and teeth hive 
been found both at Stcrkfonttin and Ktotndeaat which. are also 
referable to the AuSttalopirhcdnae, and dicre is a large literature 
about them- Their age is uncertain and indeed RogcPJ, 3 who was 
the Director of the South African CJcological Survey, thought 
that it would tlfivet be determi ned, These fossils are not all of the 
same age, but (hey are not separated by Sny great time interval' 
and they are generally taken to date from the eady part of the 
Lower Pleistocene Period, 3 although Broom 4, considered tiiat 
they might belong to the Middle and Upper Pliocene Periods. 

The Australopithsdnfle have been described and commented on 
by many of the foremost workers nn Primate evolution, 5 Mor¬ 
phologically they had characters of both apes and man, Plate 3 

1 Scs G. Vnmk-’tsievk. E$ 14 , a?id Ijt Gra Clack, 

2 J92G, * Le Grai Click, I3JJ. * T ? 45 - 

4 flrUQui, 33a], l^ij, 13473 2n e b. flud. b, SSJSS Qan 1915, 3^13, 

10461., b arii c t 1949a r,n 'l b; GraftiJijr dwl -'■itUman, jgjS, jj>3.£«i barts c; I* Gtoi 

Qa:k, :347a and h 1 JJ 4 , ifliiiBnamiridJtijbNori, 1948, :v 4 j>. cai^i 

1952; BjKim and Grbrpcra, Iffo i. Bcqot., Urbinwc: and Schcptc:, ] 9 -S°l “btem 
arW. ZaekrrUia^j 3 JjS 1 Zuckecnnm, ny t9J 4.i Qic.if'&t, 3 343, -tab rrany albert, 

1 J 7 


J£VCiLUTlO fi AUc CHlUSllAMS 

shows a side view of the skulls of AasirsIvpiihecm and a gorilla for 
Comparison, JEndociani-al casts, however, showed that the brain 
was possibly more complicated than that of a clutnpiLuaee. It has 
been elaimed that the tenures of ftw brain were sufTmently 
developed to make articulate speech possible. The brain s«m 
at measured by cranial capacity, varied ■ Til Plainstfo°$pSii and 
Pafantr/repvt the capacity was 435 to £30, nr even ySj Cc. 1 It has 
been said that the brain sizes were intermediate to those of man 
and apes, but, according to Ashton, 2 who made statistical com¬ 
parisons of clsampSnSefi and gorilla brains with these fossils, it is 
doubtful whether the cranial capacity of the Austtalopithecinsie 
was in fact signiflcandy greater than that of the Jaeger apes, but 
them arc Strong indications that die brain was relatively larger in 
proportion 10 the siie of the creature and that It was more highly 
developed than in. the Larger apes. 3 

The jaws were very large and prognathous, bat the general 
pattern was apparently more man-like than ape-like. In general, 
he teeth* showed dvcr-Bpccialiaation to an extent which lenders 
it doubtful that they could have been the ancestors of the earliest 
fossil men, Cff H 6 JB& Sapiens. The canines and incisors wete 
relatively small, unlike chose of the apes, and the canines were 
flat-weaiing as in mao ■ they did not project above the Other teeth 
its tb&y do in apes. There was no diastema (gap) between the 
cajii ncs and incisor^ and the- pre-moWs were bicuspid rather than 
sectorial as hey ace, in apes. In ht skull a nuchal crest, which h 
an occipital ridge of bone stretching across the buck of the head, 
was present, but it was lower down bhan it is in apes and more like 
that of the fossil hom itiids (see later). The eyebrows were heavily 
built but rather less so than in modem apes; the forehead wSA 
rounded in appearance, something like the human forehead, The 
cranium was higher up in relation to the face than it is in apes. 
It was claimed also rhat the foramen magnum, or hole in the base 
of the skull through which the nerve cord passes, was modi 
further forward than In apes, and nearer in position to that of 
man. The occipital condyles, Ot bones articulating the skull to the 
trunk, wtte also further forward than they ate in the apes. These 
last two features have been taken as evidence that so Ataieals- 

1 Bianca nrai Scbsptrs, 194Li - y BtfO&ul full, KcirinKifl, 13-5 s.; Lc Gras Clack, 

10J]. 

" s pi a. n $W T.* GiHt Claik. i<jjj, pp. i :J-c 15. 

* riric tesch were described by J. T'. Unkinui^ isjfi. 
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pstbfsns the head was balanced on the body as in humens, and that 
the cttiUuee walked erect nr nearly so;. thus that it was truly 
bipedal. The hip bone (Hiutrfl resembled that of mail very closely 
in proportionate characters, general pattern and many details, 
although the bone itself war smaller than thru of man. This bone 
is one of the most mceeestklg And informative features about 
Aus-traHopilbuvi', descriptions have been given by Le Gios Clark 
in books already mentioned. The i!inm bone is thus further 
evidence that this creature walked erect. Indeed, Broom thought 
that the hip hone was very like that of a modem Hottentot or 
Bushman. 

The other limb bones of these fossil creatures consist mostly of 
a femur, tibia, humerus, ulva, some ribs, and some vertebrae, In 
general they were much more delicate and smaller than the 
coricspondJ ng bones in Apes, An eacellcnt and full levlew of the 
bead and crunk l>ones of tlx AustraLopithednac was given by Le 
GtoS Clark’ and he concluded that these bones showed none of 
the specialized modifications characteristic of the Pongidae. or 
apes, but rather that they resemble the generalised bones of the 
early fossil bominids. 

Opinion varies about these interesting eKatuccs- Some 
authorities concluded that they were ape-like forms with many 
human characteristics. BrOOm And Dart: 3 found some Ctuihed 
skulls of monkeys with these fossils and they speculated about 
their social habits, but not many biologists have taken their 
speculations seriously. 1 In i 54? Dart* considered he had found 
charred bones And the remains of fife hearths in association with 
an Au5tra.lop.ltl tec ine fossil from Makapfln, But Oakley 4 and 
Lr Straus, Jr., c were very doubtful About the USC of fire by thcac 
rreatuicE. Again, Broom aod Scbepcrs? considered that they were 
truly human in spite of ape-like characteristics. Some com¬ 
parative anatomists, however, have criticised the oondualons of 
many of the workers on these fossils- In this respect the reader will 
find excellent critical and objective accounts of these fossils and 
the statements made about them id papers, etc., by Zuckettnan,* 
Ashton and Zuckeimsin.' 1 Lfl Gras Clark 10 and Robinson. 11 

1 ] 05 3, z 1 ard 
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According to Zuckerman and others, it seems that some of the 
Aufflslopithedne workers have based their conclusions on 
qualitative estimations of the relative importance of various 
selected characteristics, and have given opinions whether certain 
features of the fossils were more or less ane-iike or mote or less 
msndjlte. Zuckeimatl contended Strongly that such opinions, 
which arc not objective, may easily letfd to wrong conclusions and 
also to confusion among readers who do not know the technique 
of descriptions thoroughly, He considered that likenesses 
between such fossa! bones and those of living creatures can only 
be settled by quantitative Studies, that is, by biometrical and 
statistical analyses of the points of resemblance and diflerence. 
The reason foe the need for this approach is because so rtumv of 
tbe dfine&l and skeletal characters in apes and men concern 
differences of proportions and only s tarisrical analysis can give an 
objective conclusion to any investigation. Tims, Zucketman and 
Others 3 found, for example, that after such analyses the teeth 
proportions of Proconsul did Hot differ proportionately from those 
of a chimpanzee, and the teeth of Piisistfibnpm and Paraatbrapsi 
wete not significantly different from those of an orang-utan or 
gorilla. But some of these conclusions were Strongly criticized, by 
Le Geos Clark- and othets apparently because of faulty cal¬ 
culations., hut the general criticism of Zuckeramui still remains 
valid. 

There has also been much argument regarding the nuchal And 
sagittal crests mentioned earlier. The nuchal crest is a ledge of 
bone OH the occipital or hack part of the skull in apes which is not 
present in man. In apes this ledge provides a starring point fot 
the powerful muscles which hold the ape head in its suspended 
position. In man the head rests on the vertebral column and such 
powerful muscles arc not necessary. The sagittal crest is a ridge 
of bone on the top of the skull Jn the- midline running from front 
to back. Le Gros Clark 1 considered that the absence of the 
nuchal crest in the Australopithecinae indicated that they walked 
erect, while Zutkcrman 4 considered that, because these creatures 
had sagittal Utests On the top of the skulls they also possessed 
nuchal crests which perhaps were not prominent, and that 
probably they did not walk erect. 

1 See Zuckenmn, 3950 rnd lpj*. for ceEueiiozl. * tjjjj, 1 .L;JJ4, rlc. 
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Because of the controversy about the Austral op irh eclt-ics wt 
may fittingly dose this section by quoting the conclusions of these 
two prominent authorities. Zuifceimin 1 concluded; 

For x23 that is known about the extent to which, the Jiving gitai afief 
have div-siged From their Miocrne forebears-, and particularly the 
extent to which they may have diverged in features of the po*t- 
ctaniaL skeleton, it is even/ hit as likely that some of the AostraLo- 
pitheejnts represent the forenttiDen of the modern gorilla and 
chimpanzee, as that they were the ancestor? of Some group of 
profiohoruinids; and fir mote likely than that, as haa beep claimed,, 
obey were tiietns elves protohommids. 

Von Koenigswald observed, that in rhe Austnlopitherines 
those with the largest teeth possessed the largest brains, but in 
humftnS the. laegest brains go with the smallest molars. On the 
Other: hand, Le Gios Clark- wrote: 

In one sense it might appear that the primitive characters of the 
Australopitheei nae —such as' the small btn,m and the large jaws— 
emphasise die closeness of man to the apes in theie evolutionary 
relationship, But a more careful appraisal of tike anatomy of there 
foiai] creatures brings one to a rather dideieiu pome of view, for it is 
now clear that, in spite of these primitive characfieri, they were 
already nfi that early Lime v-.ry diffetent from apes in many funda¬ 
mental honunid characters of tlte shah, teeth and Limbs. And, thorn 
wliat we know of the tafies of cvolutjuMty change in general, this 
makes it certain that the Sine of ho mi "id evolution must have become 
a aepataLc and independent line at u much more remote time, In 
other words, i f anything, the South African Fossils emphasize the 
extent of the divtrgtact of the homi nid Line of evolution from the ape 
line of evolution. 

And ho finally concluded that die AustralapithecmcS were 
members of fihe family I-Iominidae belonging to the hominid 
sequence of evolution, but he was careful to point out that this 
does not Reo*$S&rily mean they are ancestral cO the other h-OnUrtid 
rypes, PilhtftitttbfiipiU and Jirara, They could pOSSibLy represent an 
independent branch, but this possibility i* rsot so lskeiy. J 

Finally, it ti possible that fibe maj ority of authorities So this field 

lT 93h?-J4?- fi tjj4, p. 
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it g ltd Af*jfrnIopi(btcm jw t<iai I y belonging to the family Horainidae* 
ttic Family to which Htf-ttw jW/w*f belongs. Some authorities 
COOiddcT that in some respects A astttdipil&t&iS was in fact more 
advanced than ~Pilh>tt*XfbrspUt (Java man). This form is tic-alt with 
later. The question then drifts as In whether A uitjshpiibtctit was 
human. Recefitlv L, $-B, Leakey 1 and his wife discovered a new 
Australnpithecme skull in the Oldovai Gorge in Tanganyika 
which further strengthens the view diat this creature was a 
hominid. This sktdl also gives further evidence that the creature 
was erect in gait, and had a relatively high level of intelligence. 
The skull, however, is stilt being examined and final judgment 
about it cannot yet be. givcn r A most interesting feature about, 
this discovery is that it was found On what is called an occupation 
Hoot, that is, a part of the gorge floor which had been occupied 
probably as a refuge, by creatures, hi the floor Leakey found some 
stone tools and evidence of other implements and also broken 
bonea of birds and small animals which bad probably teen killed 
and eaten. J . T. Robinson' 3 bas ateo found bone implements ftcun 
Sterkfonteifl which is the site of about 1QO specimens of AitStralo- 
pithtfW which he oonsiders show the liandmarks of an inteil igent 
mind, most likely that of an AuStlftlopith. 

C. Tbs bomnid fossils 

The firet human fossil remains found wece an Upped Psikeo- 
llthic skull from a cave at Schmerling in the Meuse Valley in 
rSao' and in 1825 the Cro-Magnon Skull, also Upper Palaeolithic, 
was found by W. Euckland. Both of these, however, are re¬ 
presentative of modem man and, since they were discorded., 
other older types of men, 01 ncar-meo, have been found- Before 
describing these fossils it may be advisable to revise the appro¬ 
priate geological periods and thesr estimated rime scales. The 
Austnloptfhccines, already dealt with, may of course belong to 
this family. 

The Tertiary Era began about 70 million years ago, and it 
is divided into the Eocene Period, the Oligocene Period (began 
about 4j million years ago), the Miocene Period (began about 
jj million years ago) and the Pliocene Period (began about 15 
million years ago). The Tertiary Eta was followed by the 

1 I9J5- 1 5flj9. 
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Quaternary or Present Era which began About one million ycznrs 
ago and which is divided into the pleistocene and Holocene 
Periods. The Pleistocene is &u,b-iRvided into Lower, Middlt and 
Upper Periods. CoicLuiaJly, more than half of the Pleistocene is 
occupied by the Palaeolithic Age which is also sub-divided into 
J/Ower, Middle and Upper Sections. These Sections correspond 
To the following levels of culture attained by prehistoric man: 
(a) Abbevillian (Chehean) and AhheuleftO in the Lower Palaeo¬ 
lithic, and rhjs was chiefly the period of the ’PUhttmtimpte type&j 
(h) the Mo'jsterian (Tayadiin) in the Middle Palaeolithic Period 
which was the period of Neanderthal and Palestine man; and 
(c) the Magdalenian, Solutrian and AuligliacUn cultural levels in 
the Upper Palaeolithic. Neanderthal man caljended into this level, 
and it is the period of Htm -pans. These various Periods and 
Cultures along with the important groups of fossil men are 
illustrated in Figure a a. The oldest undoubtedly human remains, 
that is, Homo nipt tut, called the Sv&nscojinbe Shull, dates bach 
about s 50,000 years and die Mauer Jaw, which may be human, is 
much ohler still, 

The fossj] hominids (excluding AftttrakpUbemi) fall into two 
fairly cleat groups ill their possession, of characters and in time, 
although there IS some overlapping. The archaic group com¬ 
prises those fossiLs which arc oldest and occur lower in the time 
scale at the Lower and Middle Palaeolithic Cultural Levels. Thus 
the Human Family, the Hominidac, is often divided into two sub¬ 
families corresponding to these two time groups. The archaic 
group is called the 'PaistGuntbrepiilBti and the sub-fomily containing 
the mute modern type is called the Ntuxtbraptfa* (Leakey]. 1 For 
descriptive purposes WC will use this grouping.? 

The Palacoanthropidae include the following: PithKorrt&rtipta 
tncita (Java man), P, pikhmtii (Siruttitfooptis or Pekin man}, P- 
bdMbtrffndt (the Miner Jaw or Heidelberg man), P, mtfofar- 

’ iS45- 

* There il n Fn-gc and Vlido-rtflglng UtetSliira ciu the t t(j]u( to li ftf fllflU *ru] ili 
ascecir.. Wc five l sample fit rdereriees " yb, Lous reliable hook; and papers Ucaliu 
with the proWrrEi either whole dr In pur nt thUowt; ErxHouilioUjr, I£4J; Boijjtlnt, 
:; tlcnls, 3937; Tj: Grot dart, 1^410, 1950, 1930b, 3534, igj j ; Craokshink., 
I pj [ j CoJbcrt, DtwSi, [ts+v-; DebrbMIhcy, 1944; GltttS, L54EI H«non, 1947; 
JK.wl..3, rq>3 = ; Ilrdlidfct, ipjr; Keith, :pto; Kjaarshh, ;j±;; Kinenwsvild r :pa$, 
IS*?; fCrudwi, IJJ J e Krognwi, Tpi*, kUyt, Hjv?, Kwitau, 3 pi TJ QALey, 1549; 
Sdnutb. 193a; Siiucs.-ri, igjv; Sir.i»H, 1917: Stewut, :iiro; Strain, 1943; CknnHll, 

1 VjQJola IfW V«ldtln* 9 k, IJ 14 : WaShbiuO, IjJJOj WeddHUcIiehi T& 4 1 ,194th; 
Z neks mm n, 193}, 1914; nnaZeuncr, C9416. 
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ttnrir {juvenile P. rvhatHt r)„ P. Sbktxsis (Solo man)* MtguttbrcpUt 
psjpiQjai'iiniius, Gigantopilbissu B&xkti, Ttbmlhnpm eapntiir, Have 
tftstmfsrl&akmit (Neanderthal man. including what McOown and 
Keith 1 called PaLit&mtbrejHtl tbriiigidBrjitmk, P, Itf-cndvtbjlpui} t 
F. favpmmu and P. paUstVtttms), Home rbadcdessij (Broken Hill 
Of Rhodesian man), and Hbjwe (Stcinheini man). 

Thfi Neauthtopidae include the following: SwAUSeombe man, 
Foi'dichc/adc man. Iht/to HtpitOS (including Upper Palaeolithic 
and Modem man). 

It is GOW necessary to give a short account of these fossil men. 
Many details will be omitted, but turtle lent information will be 
given to enable the reader to form an opinion as to the relative 
position and type of these creatures, at least regarding the earliest 
specimens. Foe very full descriptive accounts in one volume, the 
reader is refected to the classic work by Matveika Boule—the- fifth 
edition is by H. Valloi$ z And is available in English translation by 
Michael Bullock; also to volume 7 Ot" Trritf dt FaUmttofypi by 
J. Pivetcau 1 tailed Prim afar: PH^outcihgii in Flench; and 

also a shorter but excellent book by Lc Gros Clark called Tbs 
Feiiii Evidtfitf fir Hunan Ewktim }) r 

a. Tht p<?.viVfl nthTSrp, ill'sf 

Pot descriptive purposes these hominids fall into two (airly welt- 
defined groups both as regards their appearance and the period 
during which they lived. These group® are: (a) the earlier Palaeo- 
inthcopidae, which, for the most part, lived in the Cue Lower 
and Middle Pleistocene Periods characterized by die Piihtcati- 
ihr op m type of hominid, and (b) the later Fftkeoanchtopidfle which, 
for die most pate, lived m the bate Middle and Early Uppec 
Pleistocene Periods characterized by the neanderthaJoid types. 

(i) Tht esrlisr Pai'atcant.hrQpidat . In iS^o Dubois* discovered ft 
small piece of mandible {now often called Mandible A) in the 
banks n£ the River Solo in Central Java. Then in fSji-jz, At 
Trinil an the same river, he found A skull, 4 thigh bone (femur)' 
and three teeth. Two of the teeth seem to be those of an arsing a nd 
the third, is doubtful, The skufi cap was like that of a human, but 
was general]v flattened in appearance, small and had large eye¬ 
brow prominences. An endocast of this skull rap showed that the 

1193.9, 5 1957- , \w!t- . 
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brain it once contained bid convolutions, which seemed to be 
intermediate in complexity between those of man and ape. The 
femur seemed to be human and its shape indicated that the 
creature which possessed it most have walked erect. Dubois 
considered chat the skull cap and femur at least belonged to the 
same individual, and bo thought that this individual was a 
primitive man intermediate between man and ape and go he called 
it PilhKanlbroptK tFtclar. This skuJJ cap and femur are now 
referred to as PiihtdiSSbfVpiiS i. 

A large numbec of other plant and animal fossils were also 
found at Tonilj hut intensive search tailed to reveal any further 
human or neat-human ones until. 1956-33 when G. H. R, Vfm 
Kocnigswald discovered a series of important remains at Sangiran, 
also on the Hive* Solo, and in the Ttinil beds. These were, in ig j7, 
Mandible B, consisting of a Urge, picoc of a jaw with some teeth 
in their sockets, and also alveoli, In rpj 9 he found (a) Piihtf-tuy- 
thrQpiit a for Skull a) cousisting of a much mom complete piece of 
skull than Pitbtsanthr^pus 1 found by Dubois, and (b) Pithsasn- 
thrapsH 1, (or Skull j), which oonahted of a piece of the roof of 
another skull of a young individual. Then, in 1539 he found 
PUhtwtfhrvpus 4 (or Skull 4) consisting of a considerable part of 
the back and side portions of a skull with an upper mandible 
combining many of the teeth- This, waa fonnd at Modjokertn and 
js called PiiktLdnShyfpuj ttitidjakirtemii. Von Kocnigswald in 19,57 
also found pieces of two other mandibles at SangjlMl, The first 
one uf these may have belonged to an apt, but the second one was 
of giant sise and thickness and he called it Migantbraptts psima- 
iayaitictu. 

Morphologically diese Javanese fossils fall Into a more or Jess 
common type, at least as regards Pitimmtfavptis t, a and j (see 
Plarn £ for a reconstruction of Pi list ca'tt ikrepus ). We have already 
mentioned the miman-like femur and the prominent eyebrows 
which of course reduced the she of the forehead; in fact the fore¬ 
head began to slope backwards immediately above the massive 
eye ridges. The jaws projected, that is, they were prognathous, 
ninth mote so than in modern min, but much less SO than Id the 
ape, and the elib receded sharply. The teeth were human with in¬ 
dividual variations. The canine tooth was relatively large and 
projected slightly above the other teeth in some specimens. The 
cranial capacity probably varied from about Sco ee. to loaa cc. 
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On the other hand, Pi.'keatvtbroptti 4 is cither different. According 
to Weidcnttiich, 1 however, it is mom primitive than the Other 
forms and he called. it Pitkiaxtbrcipia r&Htttis. The skull was 
larget than the others, and there Wits a diastema (gap) between the 
teeth. The second Upper molar ’was large in comparison with the 
Other molars, and the palate itself war different. The form of the 
dental arch (that is, the ondifie made by the jaw) was intermediate 
between the U-like ilreh of the ape aod the parabolic type of 
modern man. Thu? Wetdenredch divided these fossils into three 
groups as follows: (a) Migstiihr&pstf psIiHcjapimicps, (b) PifhtMt- 
thropjss TobHttiti and (c) F. srittui. Von KoeftigSwald, however, 
considered that PithtwttimpM &. should be referred to as F, 
#oJfakar£easii and was probably an adult form of the immature 
skull also called by this name and found by von KoenigSwild at 
ModjokertO in j^fl. 'Euckerrtisvn 1 was very doubtful whether 
Mt^mthvpni should be considered a true giant homlnid warranting 
the creation of fl new genus. He pointed nut that it to ay just have 
been a specimen whose latge si&J was perhaps due to some un¬ 
known pathological process. Besides, only * piece of a mandible 
of this- creature has SO far been found. Le Gioa Clark 3 considered 
that all these fossils belong to one genus, so far as we know at 
present, and that there may have been subspecies among them. 

It is possible that these fossils may differ in age. Their absolute 
age is difficult to ascertain, but they all belong to the Ttioil beds 
which are usually said to be Lam Lower or Early Middle Pleisto¬ 
cene, of about half SI mil li on years ago. The associated fauna, 
however, falls into two groups, PirsL, that called the Tjinsl fauna 
in which Pitbei&Rlbropti! 1, t and j were found, and secondly* that 
railed the Djetls fauna in which Fiihtfsrsfhrupst! 4 and .l- 3 , **W- 
j&ktrfmir were found. From comparison with similar beds found 
elsewhere, it has been suggested that the fossils associated with 
the Djetis fauna are rather older than the Others, 

In the Javanese fossil beds there i$ no evidence char Piibtam- 
ibrapas used lire, or made primitive tools of any description- ft 
can never be certain also whether the skull fragments belonged to 
similar types as those possessing the other bones which were 
found, because of the fact that the Trinil beds have probably beer, 
distiicbed by natural agencies. At one dm-S there was a great deal 
of controversy about the 'ape-man' of Java, but the position of 

1 □ P45 - a ‘S3®- P' ***- J P- *7- 
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both Java man md of Pekin man W*S settled among the hominids 
by the discovery of the Latter. 

In 1927 D. Block 1 discovered a single molar tooth in a cave at 
Choukouticn, south-west of Peking. Anatomically the tooth was 
human hut was sufficiently different from those of modern man to 
enable Black to take a bold Step and erect a new genus of man 
called Shbmifropits, or Pekin man. Lace*, In 19s 3 , pieces of skull 
weic found, and then in [he following year a nearly complete skull 
wi th pieces of ]aw and teeth w6£6 unearthed. Since then, numerous 
human fossil remains have been found and there ate now about 
six nearly complete skulls, eight pieces of skulls giving the remains 
Of about fourteen individuals of various ages., and also eleven 
pieces of mandibles with eighty-three teeth in place and sixty-four 
loose teeth which probably belonged to about thirty or more in¬ 
dividuals, and also five thigh hones, an Allas, a collar bone, a wrist 
bone and another arm hone. When Black died the work of 
describing these fossils was taken over by Weidenrelch who died 
in 194!!, During the Japanese invasion of China these valuable 
fossils disappeared and have never been licard of since, but their 
detailed descriptions are of course still available. 

An important point about all of these remains is that it is certain 
they all came from a common type of cre&cure,, unlike the Java 
fossils wliere the bones of many other fossil animals were found. 
In Choukouticn the only other associated Primate fossil was the 
remains uf a monkey. 2 Teilbflld dc Chardin 3 and W. C. Pei' 1 
regarded the age of these fossils as dating from the Lower 
Pleistocene and this is the generally accepted view, although dc 
Terra thought they may he Middle Pleistocene. 

Morphologically die bones of the Chinese fossils resemble those 
of the Javanese ones very closely (see Plate 7). The bones, 
other than those of the skull, are practically identical to those of 
modern mflrt, and thus Pekin man was erect and bipedal. In 
general the skull bones and teeth were nearer to those of modern 
man than to those of Pif&riMfittvpxs- and the brain may have been 
catbec larger varying from about 3.5c to 1300 CC. (average about 
950 ced. The average of 'Pisbscmitbreptis and Svk&Jhrfipur together 
is about 90s ec., which is considerably lower than the average of 
about 15 on cc. for modem man." Detailed examination both 

* nincli, iflj], 3 bj37. 
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morphologically and biometric idly has shown that among the 
Peking- remains themselves there is a good deal of variability,, acid 
also that Pekin man and java man do not diffci signifies, tidy from 
each other, They have fifty-seven tharacLce-i Ln common j.nd only 
four character which differ. Both Wci dffilTir.h 1 and von KocnigS- 
wald 2 were agreed that they belong to the a a five lypc nf man. 
Thus Pekin man is included in the S 4 (mc genua as java man and is 
called PithttmrtbrvpBt tintnsu. 

In the caves fit Ghoukoutien roughly fashioned quartz im¬ 
plements of a very primitive type wcie found indicating that 
Pekin man hunted, Infact, a large number of hones of Other nen- 
PrimsUe animals wetu also found which suggests that Pekin man 
killed and brought these animals into his caves, Pekin siWrt may 
also have been a cannibal because some of the human skulk 
suggest i hat they had been deliberately injured, Remains of 
he a tchs were also fou nd so that P- JSWWtr was probably acquainted 
with the use of fire. All these features show that Pekin man was ft 
tEue mafi, but of A low cukuial level compared with tile earliest 
modem men as befitted a creature with a relatively small brain, 
although there is no absolute condition tacwcen size of hiain 
and intelligence.- 1 Black found that there was A slight difference 
in the size of the right and left cerebral hemispheres which he 
interpreted IS showing that Pekin mao was right-handed and 
could use articulate speech. In spile of the paucity of evidence 
showing the cultural level attained by Java man, the fact that Pekin 
9ttd Java men are morphologically the same means chat the 
Javanese hominid wftS also a true man. Thus the genus PitiiCA Jf- 
fkrepw represented a very primitive type of human being de¬ 
finitely ir. advance of any ape, but showing certain ape-like 
features (Plate 5 dhows a comparison between the skulls of a 
gorilla, Smm/bnput and a modern Chinese). 

In tpjy votl Koenigswald bought three molar teeth in a 
chemist’s shop in Hong-Korlg which were very large indeed. 
■ They were either the teeth of an ape or of a man, but as the ciOWO 

of one of them was about zz mm, long {compared with the 
t ordinary human length of 8 0,7 and 17.8 for the gorilla), von 

Koenigswaid put them in U new (ape) genus failed Gs^ntspitkm 
i BfatkU- Weidcnrekh, on the other hand, thought these, tfflth were 

those of a tme mm)-!ike giaiir. 4 Others have regarded them as a 
* Set- Vaflni* IJJ 7 . 4 ip4l. 
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type of Asiatic Auarralopjdieclne. Recently J. liillaby 3 reported 
the discovery of a fossil lower mandible which has been referred 
to Gigititopitbscxs Blaskii. It wh.S found in a cave in South China. 
W. C. Pci regarded it as probably the ]SW Of a giant ape. A 
description of dais jaw was given by W. L-. Straus, Jr. , z and it Seems, 
from the meagre jn form a non avEdiuble, that i t may he the j aw of 
an ape rather than that of a giant bom jtud or A us Lr allopath. 

The TiianiktopM jawbone, discovered in Sooth Africa by 
Broom and Robinson in 1949,* whe found in limestone of a 
differ ear colour to the surrounding material. The jawbone is 
nearly complete and has five molars; a piece of another lower jaw 
with two mokes was also found. The molar teeth were of human 
type but primitive, and they enlarged in size from the fil£t to the 
k$t. The jaw symphysis was thick and the chin receded, but Less 
so than in Mtgdfrthmpti!- This fossil does not seem to be an 
AuEtralppithecltlC- Broom and RohinSOrt distinguislied Ttlatt- 
ibrsptts from PawRibrQptii (mssidtrisy the Australopkhecitie which 
was found in die same cave as TtkmfbropiVy by the characters of 
the mylohyoid groove which they thought was similar to that in 
man. 4 But W. L* Straus^ Jk./ however, showed that this is not a 
ml iapSe character on which to determine a new genu s or relation¬ 
ship. Perhaps it rather resembled Mlgmtbwptu and die Heidelberg 
(Mauftr) jaws, although the Ttiatuhrspas j aw is smaller than either 
of these two. On the ocher hand, it wftS possibly nearer to the 
pfthiCimihrcpvs type than to the Axtlr&apiiktws type ot Heidelberg 
man. The date of these fossils is not definite, but they arc at Least 
as old as some of the later AustraLopitbecmes^ hence primitive 
man may have been in existence along with the latter. 

In tcj ji Oppenoorth found eleven crania (skull caps) and two 
dhia or shin bones St Ngandong on the River Solo Ln Central 
Java, only a few miles from 'Jl'riniS. Unfortunately the face region 
and paws were missing in all specimens and die base of the sku Lis 
had been damaged (see Plate 3), The brows, however, were 
heavy and ridged, the foramen magnum appears Co have been in 
the human position, and the brain capacity averaged about izoo 
cc. The tibia was characteristically like that of a modern man. 
This type of fossil was called Hmw sa&Hnsfs (Solo man) at first, 

1 t 9 JT»- ! IVI 7 - 1 1945 aiid 1950, 
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because it was thought to resemble Neanderthal man to some 
extent. However, Weidenrcich and others later considered it was 
probably closer to Pithecanthropus and thus it has also been named 
P. soloensis. The age of Solo man is Middle Pleistocene, corre¬ 
sponding to the Moustcrian Cultural Level, although no im¬ 
plements were found near it and there is no evidence that the 
creature used fire. P. soloensis was thus alive at the same tome as the 
neanderthaloids, and in the evolutionary sense it is considerably 
younger than the remaining members of the genus Pithecanthropus 
which only extended into the Lower Middle Pleistocene Period, a 
difference of perhaps some 200,000 years. 1 

In the Lower Pleistocene of Europe a massive mandible was 
found by Schoctensack in 1908 in a sand pit at Mauer, near 
Heidelberg. Hence it is often called the Mauer or Heidelberg Jaw 
(see Plate 10 and Figure 23). In general appearance it looks like a 
lower jaw of the Pithecanthropi, and it is considerably larger than 
the jaw of modem man. The vertical ramus, or posterior ascend¬ 
ing part of the jaw, is very large and ape-like, and the sigmoid 
notch is shallow. But the teeth are typically human, although 
larger than normal teeth, but they are much nearer the modern 
type than those of Pekin man. 'Ihcre was no chin. This mandible 
has been referred to the genus Pithtcantbroput and called P. beidel- 
btrgtnsis on account of its general superficial appearance, but the 
teeth do not support this view. No evidence of its cultural level 
has so far liecn found. There is some evidence that Heidelberg 
man is the oldest type of human fossil above Pithecanthropus, that 
is, of a very old Chellean age, practically contemporaneous with 
Pekin man. If this is so, then Heidelberg man is much older than 
the Swanscombe man. Vallois 2 considered it is strictly inter¬ 
mediate between apes and man, and thought that it may show a 
close relationship to Homo ntanderthalensis. 

A recent discovery in the Ternifinc deposits in Algeria was 
made in 1954 by C. Arambourg and M. Hoffstetter 3 consisting of 
t W o lower jaws. A year later they found another lower jaw and a 
parietal bone. These structures were the bones of a homimd, and 
although they have not been fully described, they show very 
primitive features (see Plate it). There was no chin the 
ascending rami were strong and large, and the teeth were large 

I Secibo Valloit, tyjT. 
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with low crowns. The parietal bone was very large and the cranial 
vault was probably low. The date of these fossils is Early 
Pleistocene, possibly the second interglacial period, or even 
earlier, some 500,000-400,000 years ago. 

These new fossils have been called Atlantkropus mauritaniais. 
It seems that they are definitely of human type, but differ from 
modern man and from Neanderthal man. Arambourg con- 


Fig, aj. B - the Heidelberg jaw compared with 
A - that of a chimpanzee and C - that of a 
modem man; e ■» canine tooth, m.i. — first 
molar tooth. (From Le Gros Clark, 195 cb.) 
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sidered that they resemble the Pithecanthropus type most closely, 
but are rather in advance of them. If this is true, then Atiantkropus 
helps to connect that other giant jaw called Msganthnpus also with 
the pithccanthropines, as W. L. Sttaus, Jt. 1 indeed suggested. 
Atlantbropus is a very important find because it shows that very 
primitive men may have been in existence in Africa in very early 
times, and although it may not be identical to Pithecanthropus, it is 
still a very primitive form. Thus the remains of ancient men have 
now been found in Java, China and Africa which means that man, 
or man-like types, were possibly world wide in distribution before 
half-way through the Pleistocene Period. 

(ii) The later Palneoanthropidae. In 1848 in a Gibraltar cave a 
piece of a rather small skull was found, but its significance was 
not realized until some years later. Then, in 1859, Fuhlrott 
obtained a cranium which had been found by workmen in a cave 
in the Neanderthal Valley near Dusscldorf along with some ribs 
and limb bones. Fuhlrott realized that these were the remains of a 
primitive type of human being, but this fact was not accepted until 
later. The specimen was called Homo neanderthaknsis. In this skull 
the eyebrow ridges were highly developed, but less so than in 
earlier forms of man. The forehead was receding and the top of 
the cranium was flat. Next, beginning in 1866, a scries of fossil 
remains was unearthed. In 1886 a large toothless mandible was 
found near Dinant, and two good skulls, one with a mandible, 
were found at Spy, near Namur. With these later bones fossils of 
the woolly rhinoceros and the mammoth, and more important, 
implements of the Mousterian Level, were also found in close 
association. The mandible attached to one of these skulls was 
large, but it was not the same as the Mauei jaw, and there was no 
rhin eminence. Comparison of these fossils showed that they all 
belonged to the same type or species. 

Later remains have also been found, among them the La 
Chapclle-aux-Saint specimen in 1908, 2 the La Quina specimen in 
1911, the Le Moustier Skull in 1909, a large number of specimens 
at Krapina in Croatia, and also in Ehringsdorf near Weiner. 
Others were unearthed at St. Brelade’s Bay, Jersey, at Mount 
Carmel and Galilee in Palestine, in Saccopastore and Monte Circe 
in Italy and also in Russia and Africa. Up to the present these 
remains ate all of similar type and represent about 58 or 60 
1 19)6. 2 Sec M. BouJe, 1911-1915. 
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individuals of both senes and of different SgCS found in minj' parts 
of Europe, Asia and North Africa uncovered by the iffl of the 
last glacial period. 

There :s a good deal of variation among these skeletons, hut 
biometric studies by G. M. Motflllt 1 have shown that they ate not 
more variable thflfi a. sample drawn from a single population. As 
there ate so many of diem it is possible to. give a sound 
description of the type. The skeleton as a whole was heavily 
built. The skull was moderately large with relatively thick walls. 
The capacity of the brain averaged about 1430 cc., which is neat 
the average of about r joo cc. for modem man. The forehead 
receded quickly. The eyd>row ridges were large, thick and 
pcornitietM; the rear, or occipital, region of the skull projected 
backwards, and the vault of the cranium was much flatter than in 
modern man. In the specimens of men, women and child ten 
discovered lit Palestine (Jrfoma pniislintnjir)^ which are nesuidet- 
thalold. variations are shown which apptQftch rhe modem type in 
chat the occipital region of the skull projected Less-, and hence was 
mure rounded, the apcn of the cranium was not so flat and the 
fotehdd receded less than in the mote typical neandorthaloid. 
The forehead also receded in the Bk-ringadacf specimen. Tn 
Neanderthal matl tile jaws were massive, prominent, and thus 
relatively prognathous. The chin receded without any pro¬ 
minence, but the specimens found at La Quina and La Ferrassic 
had die beginnings of a true chin and the face was nor prog¬ 
nathous. The foramen magnum was inclined at a different angle 
to that in modern man, but still in a position sufficient CO allow for 
an uptight gait. The ascending ramus of the jaw was broad and 
large. The tcctii were human but large and showed a very 
characteristic variation in that the molar roots were fused. The 
skull and face of the near.detrbaloids must then hays had a dis- 
tinedy ape-like appearance, but not so pronounced as that of the 
earlier Yithttanthrspi. Plate 12 shows the La C h sip e 1 le- a us.- Saint 
skull compared with modetn human and chimpanzee skulls, 

Tire post-cranial skeleton was humanoid with many variations 
compared with die skeleton of modern man. It is not necessary 
to describe these in detail. In general the bones were massive and 
thickset, giving the crcatnrc a heavy animal-like appearance. The 
femur was distinctly slightiy curved, which, in conjunction with 
1 19 * 7 . 


EVOLUTION AND CHRISTIANS 


the. angle ot tliO foramen magnum, KVfty hive given Neanderthal 
man a pronounced stoop (see Fsgys«e^4)- The drawing in Fiance 12. 
was originally made by M. Boule/ the gt&St authority an the 
neandcrtbaloid type srpedtnen from La Chapellc-auA-Sfunt. For 
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many years it was accepted that Neanderthal ffi*n did not walk 
cuiK erect. But, in recent years, this has been seuousiy doubted. 
T critical account; of" the State of the original fossil Ijnnes of thus 
‘man WHS given by W. L. Straus, Jt,, and A. J- E. CftYC, 2 .*ho, along 
t T?iJ. * T 357- 
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withC AratnbnuEg 1 and.E. Fatted came to the de finite conclusion 
that Neanderthal man walked as erect as modem man. It is 
jntcceKting to note chat the Cbapelle-aux-Salnc skeleton, was very 
badly distorted. by what was possibly some form of osteo- 
arthritis which would have rendered Boulc's task of description 
very diriicuh. 

The notomektute of these forms of man is not settled, but we 
have given che types recognized by MoCown and Keith. 3 These 
authorities used the name PAktt&ftf&reptts as a generic name to the 
whntc group of neafidcrthaloids, and they recognized the follow¬ 
ing species- PuidtftiulhrvpHs iwdW#'dil&ffrijj P. krapiaa, P, 
pmiknuir, and P. ehritigsd&ffiwfis- 

Jn, irmi some further remains were found at Broken Till in 
Rhodesia. These remains were called Rliodesiatt man or Home 
nWfritfHJJ. They consisted of a practically complete skull with 
jaws and teeth, a piece of an upper mandible, a sacrum, a kip bone 
and pieces of Limb bones. The skull bones are generally regarded 
as human and neanderthaloid in the jaw which was rather prog¬ 
nathous, with vety prominent eyebrow ridges projecting above 
but not at the sides. On the. other hand, the cranium apex was 
relatively biglt and less flat that, in the neanderthaloid skulls and 
thus appears to have been mote modem. The brain capacity was 
about ] joo cc, which ls relatively large but distinctly smaller than 
the average foi Hpj ¥to sapiens or Neanderthal man. The other bones 
are similar to normal bancs of modem man (see Plate 1 $). 

Associated with the bones of Rhodesian mm various bone and 
stone took were found. The age of these remains is uncertain. 
Some of the teeth were decayed which suggests chat the fossils 
may only date from the Late Pleistocene; on tlie other hand, the 
primidveness of the associated tools (Cultural l-evel Oisian) 
Suggests the Meddle Pleistocene as their Period. Rhodesian man 
resembles R sahmsis to some degree. 

In ] i an interesting skull called the SMinheim Skull {Home/ 
steirtkrifi&uti) was discovered at Stesnhdm which daces from the 
.Late Middle Pleistocene (Riss glacial period), about 200,000 years 
ago, although its age is not known with certainty. It is probably 
older than ail the neanderdmlosd types, but is approached In this 
tespect by the Ehrjngsdorf skull and tbc KtapJm fossils. This 
Stesnheim skull still shows some nconderthaloid features such as 
1 1951. * i?5J. *= spj-p. 
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ii. Jawbone of Athmthnfitu m«urU«mau, profile view. (From 
vallois, 19? 7) 



ii. Comparative side views of skulls of {Itft) La Chapclie-aux-Saints, 
{ctNtrx) chimpanzee and {right) modern Frenchman. (After 
Vallois, 1957) 
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the rather prominent eyebrow ridges and a heavy uppet j r w (see 
Plate 14 ), On the Other hand, the skull as a whole has a distinct 
human appearance which is due to the high vault of the cram run 
and the curved nOn-protruding occinital region. The capacity o£ 
the cranium, however, is faLcLy small, being only about tico cc. 
Le Gins Gark , 1 however, considered the Steinheim skull to show 
a combination of morphological characters winch docs not 
warrant ICS separation from Homo sapirns. If this is correct then 
this creature is not a ncandcicMoid artd should be placed in tbs 
earlier Ncanchcopidac group described later. 

The Stdnheim skull may also have rtiembled the K rap in 3 and 
Ehringsdorf skulls in some morphological details and some 
bfD man evolutionists have concluded that these remains represent 
an early branch of the neanderthaLoid stock tUstinct from a brer 
branch consis Ung of the remaining types. This earlier stock seems 
10 haye been more human in appearance anti in general chn-fcRctetS 
and this may itiKiii that the other and Latec stock developed along 
its Own tines leading away from the J-htni> sapiens type. If this is 
true* it also means that modern man is not descended ftottl the 
later neanderthalold Stock. Le Gtofl Clark J expressed this point 
well. He seated that by a progressive development of the Pith- 
tdtttbropw type of man a generalized Neanderthal type was 
eventually produced which ted CO two separate lines of evolution. 
In one line, the J i nt continued to develop but in coiij unction with 
exaggerated cychiow ridges, exaggerated development of the 
jaws and palate, specialization of the cccth and changes in the Limb 
bones reminiscent of lower types leading to the mom typical 
neanderthaloid. In the other hne, tile brain also developed, but 
tht eyebrow ridges bfleame smaller, the jaws became less prog¬ 
nathous and the teeth smaller and the skull became more rounded, 
while the Limb hones kept their human-like appearance. 
Eventually this type produced Hiatt 1 a sispisH!. Such a line could 
Scad, of course, through a type like H. sftinhtiTnttl-tih 

These nesmdcrthaloid fossil remains dms present a mixture of 
characters whidi in some cases are pithecantli topic, and in others 
approach the sapknt type Still further. The combination of these 
characters varies; for example, tile tatci neandertkaloids possessed 
a pithecanthiiopic skull, bur the brain was very large and the 
femur curved unlike that of the older PiffeflBtfbrvpi. On the Other 
1 195 j, ?p. ■Sj- 5 +. a tpjovp. i-ey. 
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hand, the Steinhemi skull had a small brain but a more tapicns 
appearand. There is a modern tendency to group the. earlier 
Pi&ti&tt&nptU types^ the Neanderthal forms and Rhodesian man 
together as the PalaenanchrOpklac because they resemble each 
Other in a greater clumber of characters than they resemble 
Palaeolithic or modern man.'- Zuoketmau defined and summed 
up the skull features of the group which also shows their relation¬ 
ships wchr He wrote; 

The main characteristics of die skulls of palneoa nth topic mftrt can 
be simply stated- While having ictighJy the same overall dimensions 
ps those of modern or neanthtopic man, they are ditferendated hv 
having low sloping foreheads and small and flattened sagittal areas* 
a characteristic to some extent indicative of an uciEtpanded vaulr. 
They are furnished with strong eyebrow ridges and their cranial 
muscular markings aie in general more pronounced th;ut those of 
modem man. The occipital rtgfob is usually very wide, the maximum 
width heing found In the mastoid region as in adult apes, and is 
bent at an angle to the test, shelving sharply into the mjck to which 
it was attached by a powerful musculature. The face is prognathous 
and the chin poor, if at all developed. Cranial capacity in the PaLneo- 
anthrcpidi'ie varies between yjy and CC.* as compared with *n 
flEtahliaficd range of from tfem to a ioo cc. with an average of about 
tjoo cc. a in modem man, Tlie average capacity of some eight 
Shtofltfavptti skulls Is cc.^ and of four skulls of PUbet&rtbriput 
ifiHus ii about 860 cC.* There ia no overlap between elie ranges 
for cranial capacity in man and apes, the largest ape skull yet recorded 
having a capacity of only about 673 cC. 4 

b, The NtanihropiHae 

(TJ The ecTTiitf Neartlhropidae. This group also falls into divisions 
based Oh age. The earlier fossils consist only of the two types, the 
Swanscombe skull and Font^chev-adc man,' 

In 193 5 a mostinceiestingdlsccwcry Wta? madeby A. T- Marston** 
in a gravel pit a{ Swanscombe in Kent. He foand a parietal and an 
occipital bone. Unfortunately, the facial bones were missing, 
but those found were very well preserved and flic sutures were 
little damaged SO that they could be planed in their correct 
position arid compared with modern skulls perfectly. It is agreed 

1 Zuckerewn, i 9 f*\ p. 3 190 +, 

1 Wtiiknrcidi, 104;- * WcidEurclcii. 1545. 

R [1? this final Ftntcfrttfl? It is imputd chat rhe Avm&lopiibi ate not horulaida, 
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among human evolutionists that these bones were put of A 
human skull little distinguishable from the skull of mod tin man, 
although the bones tire decidedly thicker than modern skull bones 
(see Plate i;) r 

The cranial capacity WAS probably III the region of I joo cc_ 
and the brain markings as shown by endocasts were also coni' 
plicated, just as in modern man. Unfortunately, In the absence of 
a mandible and the fat* region, WC can never be sure abont the 
appearance of the complete skull. The important feature About 
thin discovery is the fact that its age can be determined with 
cftrtAmtyr Associated with it in the gravel beds wele flint itm 
pJerncnts of die characteristic Middle Ajcheulian type and also 
some bones of red deer, an elephant and rhinoceros, The fluorine 
content of die skull was deteimincd at i pc cent. These findings 
place the date of the skull in the Middle Pleistocene about 
% jo,ooo to 300,000 years ago. The. absence of the face region does 
not preclude the conclusion that the SwanscOmbe skull belonged 
CO a human being perhaps not a great deal different to Hmt 
japHWJs and thus the skulL is an undoubted indication that human 
beings of advanced type bavo been in existence much longer than 
we would expect from she other advanced known fossil material. 
Swanscombe man may be much older than the ^eanderthaldds 
and was certainly contemporaneous with them. 

Id j£s47 another interesting discovery was made by Mmt. 
Henri-Mat tilt from a cave at Fonticheva.de and was described by 
H l V. Vallois. 1 This discovery comprised most of the parietals 
and the upper part of the frontal bone of one skull, and the frontal 
bone of another skull. These skull bones Wert also very human in 
appearance and were like those of modern man, but thiJT thickness 
resembled that of the SwanScOJuhe skull. In width it also 
resembled this skull The capacity has been estimated At About 
1430 cc. The forehead WAS vertical and there were no large ryt- 
biOWS, or visor, and hence this Cteature does nut resemble the 
Neanderthal type, These £ 033 ) 1 * date from the beginning of the 
Riss-Wiitm (last) interglacial period, that is, they are At the 
beginning of the Upper Pleistocene about 130,000 yesrs ago, or 
perhaps they date from the Middle Pleistocene. Implements 0., 
the Tayacisn type were found in the same deposits as these fossils, 
which together are called FontGchevade man. 
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The Ksoam fragment should be mentioned here. This consists 
of 4 lower mandible with a chin. It was found at Kanam, near 
J Victoria Ln A fhea- Other African pieces of s kull bones have 
been found which ate ah considered to be of early Athejlb.n age 
(i.c., Lower Middle Pleistocene), but insufficient pieces have been 
so far discovered to genfinaJiKc any further than admit the possi¬ 
bility of the presence of modern man in Africa at dus early period 
as well 3$ in Europe. 

The irfammu Piltdown reuiaina should also be meatioiijcd.. 
The discovery of Filttlown man (Eajni&rWfltt dpMVtfflr) WhOS heralded 
with great publicity and great names such as those of Srtltth 
Woodward aod Teilhard de Chardin were associated with it, The 
hones consisted efskul l fragments, teeth and a mandible of Early 
Upper Pleistocene age. The cLEcumstances of their discovery 
Strongly suggested that the bones were those of ooe type, hoc, 
unfortunately, as J . S. Weiner tt jJ ,'. 1 showed, a large element of 
fraud entered! into the matter which was not connected to the 
people whose names are mentioned above, It appears that the 
mandible aod teedi were deliberately faked. They are in fact those 
of a modem ape altered to give an impression of age aod affinity 
with the other tioly older parts of the cranium. Under these 
circumstances suspicion must attach to all the findings, and. 
perhaps it is bettei to exclude them, from coosi deration. The 
crania) fragments, however, are of human type and their age is 
Early Upper Pleistocene, It should be Stated that H&atithfQpSft 
iLmma had always beat something of an enigma to many 
anthropologists because of the unusual association of simian aod 
human characters in them and many people refused to accept them 
at their face value. An excellent concise short review o£ there 
bones was given by W. L- Straus, Jr- 1 

(ii) ASMW idpittis. About i so,coo years ago, in the middle of the 
Upper Pleistocene Period, the Mousterian or Middle Palaeolithic 
Cultural Period came to an end, and was succeeded by the Upper 
Palaeolithic Culture comprising those types called Aurignaciati, 
Solutrean and hfagdaleniar., each chatacberiaed by d’.e:r own 
distinctive brand of industry. In Europe at any rate. Neanderthal 
man died out completely and was replaced by these later 
Palaeolithic types. The fossils which have been found belonging 
to the group include those from Cro-Magnon, Grimaldi, Pred- 
1 HJ|. *r?j+ 
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mont, Bruno, Combe-Cape He and other European places. 
Wsdjak man is a Late type found in Java which resembles the 
modem Australian aborigines, All of these fossil men would 
merely seem to be varieties of Hms utpitw, differing only in 
features Such as prognathism, which in Cro-Magnon man, for 
example, was more pronounced than in present da y man, hut very 
much less than in the nesudfirthsioLd types- There is. no need to 
describe these forms of man further, especially as their radii 
reiatLQflship& ate rather obscure. In the evolutionary sense they 
were fully developed SpedrtMEtS of the human race. 

Dr Tk Hmigs of mart 

With the description of the evolution of (Sian the Actual 
account of evolution which we have given in. previous chapters 
becomes complete. As already pointed out, there is UO scientific 
doubt that man. belongs to the order of Primates, and although 
there ate many gaps between the variouH groups of animals 
involved in an evolutionary scheme, there is Still i Large amount of 
evidence from comparative anatomy, etc., which points the way 
to the evolution of the Primates from Lower animals. Different 
workers may have different .schemes differing in details. Le GiOS 
Clark 1 gave a general scheme somewhat as follows: at the end of 
the Mesotoic Lulled a basil stock of generalized placental 
mammals evolved, and the various orders of higher rnamtu^s 
sprang from it. Among these orders there was one from whith 
the Fiimates evolved. This group may be referred no as the Basti 
Primates- Prom this stock arose two groups, the Protolemuroids 
and the Prototatsioids, in Palacocene times, and also very early on 
arose the Anthiopoidea or Pithecoidea from which ah the 
monkeys, anthropoids and hommlds developed. Two Boren* 
fossil forms called A^phspithsnti and Ahatinpitksus are some¬ 
times looked upon at the Stock from which the Old World 
Primates came- 

lE is generally agreed nowadays that raftrt could riot have 
evolved from any of the existing ape groups, But, excluding 
mental ebsr act eristics, which are not comparable, the two groups 
of man and apes AtS very close together. Man 33 specialised in the 
direction of his. l>rain and ig upright* while the ape group is 

1 i5jij L |ig. iES. 
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Specie I i*ed towards brachiating (i.c., they (US arboreal creatures 
able to swing from branch, to brunch in the forests). This is not to 
say that all modem anthropoids arc brachiatois—the gorilla, foe 
example, seldom seems to leave the ground. The two groups ate 
so phylcticady close to each other that a common ancestor 
sufficiently generalized could have given rise to both man and 
apes. Such a descent could take place in various ways and Figure 
x 5 shows three chief ways in which it might have occurred. In A 
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a common stock is visualized as giving rise to man, gorilla and 
chimpanzee; ln£ a common stock gave rise to these three and also 
the orang; while in C the common stock produced man in¬ 
dependently of rhe others, In these schemes it cnay be noted that 
the age and ancestry of man is pushed back further into the past 
£tOm A Co C. It is true that as more and more ho mini c fossils MIC 
discovered! eh* existence of mao io. earlier tintes becomes evident, 
The discovery of the Swanscombe skull and FontScbevade man 
illustrate thus point well. As Zuckerman 1 so aptly saidi 'The 
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available evidence cannot even deny the possibility of man’s in- 
dependent evolution from as far back as the Qllgoosne, and 
through the AliOffiOC up tg the present day.’ The oddest member of 
the genus PitbismsShropui appeased at the beginning of the Lower 
Middle Pleistocene, but, of course, be most have had ancestors 
previous to that Period, The discovery of Tertiary man would 
be: an Cvene of outstanding importance. 

In rhe earlier days of the study of human evolution it was 
simple to visualize an evolutionary scheme in the form of ape-" 
Pitbti&stbrcpv ?—Neanderthal man — modern man. No doubt 
there was a large hiatus between ape and PstbicGnthrcpStSf but the 
scheme seemed to be possible and further investigations conld 
reasonably be expected to fill, in the gaps. Human remains begin 
abruptly with Piiht&ttttbropHJ and up to the present no- sign of 
earlier types has appeared. Although Pirbt&ptbrtpfij ia ape-like to 
some extent it is, so different from anthropoids as to preclude a 
direct connection. Apts and monkeys of all kinds appear from 
the Tertiary Period onwards, but there is no sign of man in that 
Period. Tlic great interest of the Auscralopithecinac. ^cs in rhe 
fact that they sofim to bridge this gap between ape and Pitkecan- 
thropw type both morphologically and. geologically. Thus there is 
some evidence to connect the earliest homlidds with the earliest 
ape Stock which means that the Pong idle and the Hominidae may 
have arisen from a common ancestor or ancestors. But rhe 
evidence showing that Aattrdkpitbecnt was 3 human being is still 
perhaps too small to be definite about- 

when wc come to the homimd fossils themselves, excluding 
Asutrskpitbim which some anthropologists consider to be 
hominid, the picture of human evolution is still not too clear. 
From the apes, through the WthtumtkrapM series up to Hoxm 
japitsi there is an overall, increase in bwdn capacity in that order 
which suggests the evolutionary direction, and there are other 
examples of similar trends. lW neandetthaloids here, with their 
beetle brows, prognathous jaws and large brains present at a 
relatively late date, are perhaps anomalous. It is a fact cammore¬ 
admitted that the neanderthaSoids did not give rise to HflflV 
trtpift r . but that tbev form a jide blanch from an cutis Stem. We 
may again mention Le Gio» Clark's 1 view already given On page 
277 in which he visualized two lines of evolution from the 
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PiShtf&tthrspm tvpe, which, of Giiucse^ supports his Iftttr re¬ 
cognition of only two species in the germs namely h H. 

SBOHJertbaiauu and H. lapiiat. 1 An interesting evolutionary series 
wax given by WeidtOKldl 1 in which hfi cons-dered that giant 
homirtids evolved to present-day man In the order: MtgiBfthfvpVt 

Pithwmtbnpus robartm — Hsffta saiatxdi —Wa dj 9 k man— 
Australian aborigine. But this is a speculation width has been 
criticized by other people. Indeed, the discovery of the infant 
skull Called Pr tfM/eP.er&tisir, which is older than fttyantbropur, 
contradicts Weidenreicti'x view. There are other Opinions about 
the lineage of man. 

Gur survey has attempted to bring out the facta relating to the 
evolution of man which ate fairly clear. If we grant the position 
of Solo man as an advanced member of the genus Pithecanthropi!!, 
then the hominid fossils suggest three mote Cut less distinct types, 
or better still, levels, of evolutionary progress: (a) the Pithiem- 
tfovptif scries consisting of j beiift&srgt/tsif, tm&ofarttnni, pskirutisir, 
trtftfd, setemjir and perhaps Atltnthmpusi (b) the neajldectbiLtaids; 
and (c) fi?™ sapiett^ consisting of SwsnScombe man, Fonti- 
cbevade man, Palaeolithic and modem man, Within their types 
each of these are distinctly related, but the connections between 
the types arc not as yet clear, and we await the discovery of more 
material. The important point about these fossil hotrunids* as 
Humphrey Johnson^ pointed ont, is drat while a few decades ago 
man stood alone in the animal world, today this 5g by no means the 
case. All the Scientific evidence derived from palaeontology, 
comparative anatomy, morphology, physiology, etc., show 
distinctly that since about half a million years ago several types of 
man have come into existence and have died cut. The kinship of 
man on the physical level with other animals, while not absolutely 
established, is much dearer than it was. True men were already 
diversified in Early Quaternary Times, J, S. Weinei J h&S recently 
illustrated these different types of men in relation to their age, 
their cultural advancement and their increasing likeness to 
modem mao. His diagram is reproduced in Figure zti which also 
illustrates the chief points we hive been Attempting CO make in 
this account of human evolution. The chief feature to notice 
about this diagram JS that in it Weiner derives all the known 
human types from rhe single stock of Pith/faaJ!b repur. 

a ig*j. ■ ! rjj6, He. t. 
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Le GroE- Clark 1 summed up the situation fiMy when he wfOtfc: 

In considering th* palaeontological background of human evolution 
(and. also of die evolution of the aodiropoLd apes) it U n«nft«sry Co 
give more attention to the fact that jc has been complicated by quite a 
EOTparkahle diversity of evolutionary tad i ado ret In the past and, in so 
fae as die new fossil evidence indicates that collateral lines of 
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Tht phyktlc hrMagc of die TuziuuS boiflltvid JiTiJa in 
1«ma of cultural stinci and injCrCSEhlEly apttai type. (After 
vI'l inLC. ijjj 5 ',|i 

evolution have been relatively numerous, it can only accentuate the 
need for caution io seeking to interpret the precise pfo yin gene tic 
relationships between fossil types and modem type. In general, it 
may be said that more complete paheOnrtologJcail sequence* ate 
requited bedym* such relationships tan Le established tvith any degree 
of eontideiijoe. 
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This quotation brings us back to the point with which tfc 
started in this section, namely, that it is generally accepted hy 
competent authorities that physiol mat! has CYolved from some 
Lower group of animals, but how this evolution had occurred or 
from what group (enoep? remotely), is unknown. It should be 
pointed, oat that the question of the evolution of unarms body is a 
scientific question and it can only be determined Einally by 
scientific means. It is a question that has arisen within the bounds 
of biological And, anthropological science as knowledge of 
physical man and of other animate creatures increased. The 
question is not by any means settled i as a scientific problem it is 
Still a matter for scientific consideration. Philosophy only takes 
up from science when the scientific problems are solved Or nearly 
so, that is, when they axe no longer problems. Hot i n the mean¬ 
time the possibility of the solution of the scientific problem should 
be realized and therefore Its implicationa discussed. 

A very important question arises from these fossil hominids. 
It is: 'Were all these creatures human beings, that is, men with a 
spiritual immoEtal soul?' it may be taken for granted that if an 
ancient skull itulistitignUhahlc from that of present-day man were 
discovered, then the possessor had been A human being as wc 
know him. The Swanscombe skull is possibly the nearest 
approach to this, but unfortunately it is not complete. The 
majority of the earlier homirids present characters unmistakably 
human but, also characters suggestive of apes. Other evidence is 
needed before it can be decided whether the possessors of these 
bones were true human beings, 

TldS evidence is indimtdy hound op with the question of the 
fundamental difference between man and animal. The cesn- 
sidcradon of this difference would take u S deep into the realms of 
philosophical psychology and related subjects. It is in fact a very 
abstruse matter beyond our terms of reference. Tfo Christian 
needs to he assured that there Is a vast impassable gulf between 
the mind of man and the 'mind' of Any animal no matter what its 
state of development- This is commonly expressed by saying that 
man is a rational creature (the aastttal rational# of the scholastics), 
while an animal is nut. This :s not to say that animals do not 
possess some form of 'intelligence', but it implies that there is a 
difference in kind between rite human and animal intelligence. 
Wc cannot go mnch further into the mattei here, hut readers who 
aHfj 
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wish It) pursue IT further -will find an excellent account in J. 
Dor’.ccl's Pkiiosapbkdi with references. Suffice it to sap 

chat man's reason, or rational intelligence, is able to reflect upoo 
itself, Man IS conscious of being 'l 3 , and hence he can appLeciaSe 
those concepts the philosopher caHs universal; he can under¬ 
stand the true relations between things and so on. In other words, 
he has the power of abstraction. Of forming JdcaSj and he can 
communjeare these ideas to bus fellow rr.cn. Man can talk, and his 
speech is not just due to a certain arrangement at his vocal chords, 
although these ate the physical prerequisites for speech. Man can 
make machines to do work better than he can himself. Man 
develops, a culture based on his knowledge and ideas, and it is 
passed on from generation to generation by tradition and com¬ 
munication- These ate ah qualities of his human spiritual SOul 
which ate possessed by no animal. In fact it is inconceivable to 
picture an animal with these qualities. 

The possession of these qualities hy human beings leads to 
activities which are uniquely human, and it is these activities (or 
some of them.) which provide the evidence toe the determination 
of the rati finality, and hence truly ham an Status, of the fossil 
hoininids. These activities provide the basis of the Palaeolithic 
cultures studied by the anthropologists. Important Palaeolithic 
activities, or industries, arc those of tool-making and using fire, 
burying the dead ceremoniously, and, in later times, making 
drawings and crude scMpturings or other forms of act. The reader 
will find a fine concise account of some of Lhese activities in 
K. P- Oakley’s 'Muir tie Teofmt&tr . 2 Such activities imply the use nf 
human reason, and it is well known chat these industries began in a 
simple way, particularly regarding the tools, and as man gained 
knowledge and experience, they changed always foe the better. 
The materials used for tool making were wood, hone, shell, stofle 
and lastly metal; while the Falaeoistllie industries passed through 
the cultures represented by pebble cools, band i*£S, chopper 
tools, flake tools IO blade cools. 

As regards the early ha-mirids, DO implements of any kind were 
Found associated with Pltbu&ttbropsis trwtotSi but with his Chinese 
* elation, P. pekitsensh, roughly shaped pieces of various rocks were 
found, some of which may have been used as choppers, and others 
were pointed or bladc-like. In the ChoukouTien caves charted 
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animal hones anti the remains of hearths were also found, in¬ 
dicating that PtibttMibropttS IQ Qtina. knew the use of fire. These 
activities- have been fidly described by the Abbe Breuil 1 and 
Teilhard tk Chardm and Pei. 2 Yflllois J discussed the position of 
T’iihiiSKibrapus and Sifuatibfipttt and concluded they were exactly 
intermediate in many respects between man and ape. Because of 
their primitive 1 MSS h however, he preferred to call them pn- 
.(i'jtriW.r father than bomimdf* We may note thaL there is some 
evidence to show that AatfrekpUktius made and used tods,* 

It new appears that Rhodesian man made date tools, shaped 
bone tools 9Jld made stone bulls, but the took found near the 
Rhodesian man deposit may be fajrly recent. Acllfiulian flint hand 
aica were found with EswanKQtnbc man. amt primitive Tayockn 
implements were associated with Pontdchcvade man, P. biidak 
pe.rgiritit may have known the use of .implements, because, although 
none were found with the jaw, pieces of bone which seemingly 
had been deliberately fashioned wcec found in the 5 -aiue beds. 
No implements were found with the Stesnhcim skull, but 
Mouiterlao tools were found with the Ehringsdort" skull. No 
took have been associated with Solo mam Finally Neanderthal 
man had considerable koowlcdgc of toolmnlt ittg (Moustcnau 
level), He used fire and he buried h,is dead ceremonially. The 
fossil homrnids then from PtfPftffltPropHti piskitimsis upwards (and 
P, eicttrtr must be included with this form because of morpho¬ 
logical resemblances) show evidence of the use of reason, Some 
anthropologists have contended that highly developed anicnak 
could copy the use of fire, or make use ot fne already started by 
some natural menu, and that they could oven use stones as im¬ 
plement?- But these points would require Strong scientific sup¬ 
port before they could be accepted as even possible. In any case 
no animal in nature however highly developed could conceiv¬ 
ably shape a piece of bone or rock for a specific future purpose. 

It should be remembered also that, independently Oi the fossil, 
bominid remains, anthropologists recognize the Palaeolithic 
Culture Period wlticb stated in. the middle of the Lower Pleisto¬ 
cene from the end of the First Glacial Period. Various im¬ 
plements found in different geological strata have indicated the 
Industries which we have already noted; Slatting from the Lower 
Palaeolithic they are: fthbevilhart, ,.\ rchcolian, Moustcri&n, 
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Aurignaciau, Solutdan and Magdalenian Periods, which ze- 
present different Sind increasingly mote human Cultural levels. 
The picaencc of implements as old as the Abbevillian and onwards 
is evidence of die presence of radnnal men in those times. The 
association of definite implements, with some of the fossil hominids 
and his use of fire when known is COnfiEtnatOty evidence chat men 
ccisced during those periods nf die Pleistocene. Thus it Stems 
generally agreed among evolutionists and anthropologists that 
the fossi 1 homUuds were men. 

A consideration then arises fcom the nomenclature of the 
hominids. Thete luie been a tendency to erect new species and 
even new genera whenever a new fossil was found Jf it showed 
deferences from known fossils. The best example was Black's 
naming of Pekin man as Siwmikwpm, that is, a new genus which 
was done on. the has is nf a single tooth. Fortunately, many other 
bones were found latcE which were referable to Sitmnthropm, and 
this form was then shown to be a true hominid. Further in¬ 
vestigations have shown chat there aie no real differences between 
Siwitithropsu; and PithtmRibrvptSi grfcK enough CO justify the 
creation of Separate genera for them, and it is doubtful even if 
they were separate species. 

The naming nf these fossils is in fact arbitrary and often a 
matter of convenience. But as nonce and more of them become 
available the classification will become clearer. Nevertheless, the 
question of nomenclature is widely discussed among human 
evolutionists. The present rather indiscriminate method is not 
satisfactory to anyone, but some of the difficulties seem to arise 
from the fact that anthropologists arc not necessarily systematises 
in die biological sense. At a Cold Spring Iiacboc Symposium on 
the evolution of man in tcjjo, Mayr, as a foremost aystematist, wfls 
asked to give liis opinions about the classification of the fossil 
hominids and neat-hiominids. 1 le concluded there is no evidence 
that more than one species of homluid ever existed at any given 
time. And lie proposed to classify fossil and recent homunds ioco 
one single genus, Hvm.. with three species, namely, traruvaafaihi 
Arwrttf and Sapiffl- There may be sub-apeclcs, and Mayi considered 
that man's versatility and his slowness in becoming icproductively 
isolated have prevented bum from Splitring up into more species. 5 
We note hete that die Auttrsl lopJths (fisOTJMtt&fltifr) are included. 

* Tffja, pp. 10J-IIB. 
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]f these were not true hominies then there would only be two 
species in the genus. Homo ereihit is represented by Java and 
Pekin mar.; while the species Hvm saptms included the three sub¬ 
species modem man* Neanderthal man, and p*e-Neandertfial man. 
At the symposium at which this simplified classification was pro¬ 
posed, it was largely welcomed.. liven with a simplified classi¬ 
fication it still appears that there are different levels of hominids 
sufficient to warrant the recognition of distinct species of Homo, 
Thus the question of the importance of the possibility n: different 
levels of men arises in philosophy and theology. An answer, of 
course, hinges on the meaning of the word "species' in biology.. 
We have already indicated in a previous chapter the difficulties 
surrounding precise definition of this word, although no biologist 
doubts the actual cjdstence of snch natural categories* The 
process of evolution in itself* however, if an important factor 
limiting the distinction between closely related Species. In any 
definition given there will always be borderline cases and species 
grading into species because of evolution and of the generic 
mechanisms involved, in the re production of individuals. 

Taking the idea of species as it is accepted by biologists we may 
well ask docs it mattei as fat as man is concerned! ? This question 
does not belittle the biological concept in any way, but from a 
theological and philosophical point of view, as long as a creature 
is able CO reason in the human sense as distinct from the possession 
of mere animal intelligence* ot has the potentiality to reason, then 
that creature may be regarded IS a human being. It is the mental 
and spiritual qualities which make man what he is* It is these that 
decide his nature bo an immeasurably greater extent than bis 
structural characters. 

Tbrsc qualities may be summed up by saying that human beings 
ate able to reflect, In the evolutionary sense the change from 
animal to human was described by Teilhard de Cbsrdin as crossing 
the threshold of reHection. He calls this process bomitttjafiv#, or act 
instantaneous and individual leap from instinct to thought'. 
Teilhard would .seem to imply that this change or crossing of the 
threshold of reflection could only occur once, and that at the very 
beginning of the human stem. The ancient forms of fossil men, 
such as Pit&tanlknpHf, sometimes called pre-hominids as wc have 
already noted, are therefore fully human from the first moment of 
their appearance* Thus there can be no true link between a lower 
rjo 
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animal and a creature who has crossed the threshold of thought! 
except perhaps structurally. As Teilhard wrote: 

A notation tliEM:foht; ns fundamental as that of ibnught, » rnutMloim 
which gives its specific itapetna to the whole human group, could 
not In my opinion have appeared half-way up the stalk. It domitvates 
the whole edifice. Its plaee must therefore be fomjfk every recQgnifc- 
able verticil In the unattainable depths of the peduncle, and thus 
beneath those creatures which (however pte-bominid in ctanlal 
Sttuctute) are already dearly situated aba* the point of origin and 
blossoming of the race. 1 

By peduncle and yerLicil here Teilhard simply means the h uman 
Stem and its branches or levels. 

There: is no overkp in brain capacity hence as far as we ana 
tell ifi mental capabilities* between any known anthropoids and 
any known hominids. This statement, however, ii only true if 
A«sirahpiihtats Is excluded from the family Homiaidacr But, 
although the brai tl of A tutfuiapuhsais was little larger chan that of 
atli ape, if could have been much more complicated and developed 
in proportion and there are some indications to ibis effect, If, 
however, we accept Pitbt&mthrQpm as being human, then man 
appeared f snddenly' in the Pleistocene Era,- Such is the difference 
hetween Pithaanthrtpfit as indicated by his cranial capacity, that 
there is no biological reason to expect such an increase in htaiil 
si2e K> have occurred more than OslCt. In the biological sense 
alone a change of this kind is immense, and all evolutionary know¬ 
ledge indicates that such major changes ate not repeated. They 
OCCut once and for all ; the conditions bringing about their fnrthec 
production are rarely repeated- The change which produced a 
creature capable of being a human being is at the very least on s 
par with the kind of changes which produced the various phyla, 
and no biologist has ever suggested that even fishes, birds, higher 
vertebrates, etc,, let alone phyla, have been produced over and 
over again. There are then Strong d priori reasons, and Strong 
biological probabilities, to suppose that man has appeared once 

1 3 5JO., Book j, Ohspa. 1 aial *, andpa^s The word 'bmunitarfew 3 

(vhuhL by 'Itrlhaul di Chardin (U die atainnent of lilt |»V« of refiertjnn. 

p gr 

■' J hJl i, *n ihe evidence pitltfittd fcr rhe Sum -1 mil frank. lft'± must remember 
Thai as bruwiedfcc of the rectr.tlv discovered Ontpitittw inernirea, Iht affs nF nr^n 
Will ptolwfely be found <o be fltuth older than that which we can infer fai the 
Pitbecaa I'Amthr remains. 
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only in the evolutionary scheme. Valiois 1 considered that ail the 
known homLnid_s have undoubtedly had a mtmophyletic origin, 
While Arsmhourg 2 considered that speculations on polygenkm 
are out-tnoded. Le Gras dark' allowed for the possibility of 
polyphyletic origin of d iferent races of men t nt be thought that 
H it is perhaps not very probable*. According to Teilhard dc 
Chardin ftg-jj) the problem of mnnngeoism, strictly speaking, 
science by its very nature. This applies with greatest force to 
the study of the fc$sit men who always appear ina*crowd 3 > as it 
were. The protlem of mnnogenism may, however, he speculated 
on In a genetical sense. 

Granted his initial appearance, relatively small--brained but still 
human, there seems to he no reason in the early stages of his 
appearance, when his animal potentialities and his newly acquired 
status were strongly asserting themselves, why be should nor 
develop still furthef mentally and physically op to a maximum 
point beyond which he could cot go unless some further major 
change occurred in his "main which would be at least as large as the 
change which led to his production. It is worth pointing out dm,t h 
although modern man has done many very wonderful things and 
has produced many supreme literary works, there: is no evidence 
that modem man is any more innately inftHigpril thin the first tnan. 
No one can really sav that Einstein or Aquinas were more or less 
intelligent than Aristotle Of PIfltO, or Moses, or the man who 
made the first wheel or the first implement. 

We mentioned! at the beginning of this chapter that mao is 
uri ique, and without doubt ho is the end point of evolution ar the 
prescot day. There are mnoy biological reasons for believing that 
major evolutionary changes have ceased, that is, that major 
evolution is at an end. Not least among these reasons is the fact 
that the evolutionary lines WC already know about have led, or are 
leading, to increasing specials station along limited paths which, as 
evolution teaches, leads sooner or Eater to extinction of those lines, 
Thji lifts been realised by eminent biological authorities such AS 
Sir Julian Huxley and others, and it is a point which Huxley 
recently made to the general public in the Sutukj Times* Man, 
however, except for his brain, is (JOE particularly Specialized 
structurally—in "act he is generally regarded As being a generalised 

1 I9HP- a tp^S, p, r^J, and kc J. Q'MeiU, i-gjp, fajt a. 
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kind oi animal, and he is the dominant animal on earth. His brain 
enables him K> rtlftiowin his dominance* and to ensure foe himself 
a continuance of big kind arid to see that, no lesser creature 
supersedes him. Ills only danger Is one of deliberate Self- 
extinction, A further evolution of his body id any major respect 
would mean biological over-Specialization and hence ultimate 
extinction, and be could possibly prevent this tragedy unless h* 
destroyed hi~5seIf first 

It may he said, therefore, that evolution of physteal man has 
ceased for all practical purposes* but be may Still evolve to a 
certain extent id his mental capabilities, hut even this would seem 
to be linuted, Later, in the last chapter, we will suggest that the 
evolution of physical man has stopped for another teasem, and 
that lus futuie evolution lies along a different plane, if indeed it 
dan be called evolution* strictly Speaking. By this we mean the 
pursuit towards his true end. 



Omphr VJII 

Evolution and Christians } Continued 

I. liTflUlTlOH AH1) THEOLOGY 

In Gftltrai 

Ik this and the following section I am mot attempting to consider 
evolutionary theory in relation to Christian thought in general. 
This would be a very large task because of (tit wide divergence of 
opinion, among non-Catholic authorities both a? regards their 
attitude to evolution and to the Christian religion. I am here 
looking at evolution from the Catholic viewpoint, but th*ie 
should be much in it Of interest to non-Calholies. Readers who 
wish for a good shot! general account should consult David Lack's 
Evoi*twniin> Thtoty aid CMttim BtBtf which also contains re* 
ferences to other wocks.t 

if wc accept the physical origin of man's hndy from the brute 
creation, then clearly this is a matter which is bound to touch the- 
Christian Faith at several points. Tie central pivots of onr Faith 
arc the Incarnation And the Redemption of man by Christ. The 
Redemption is a feet; it is an event which took plate at a point in 
human history and its effects will continue as long as them are men 
to he redeemed. There coutd have been no Redemption unless 
die necessity for it arose and thus the Redemption presupposes 
the Fall and original sin. Catholic teaching, based on Genesis, 
holds it as of Faith that original sin was an actual sin committed 
by the firs (man, or Adam, in disobedience EQ God's plain com matld- 
By it Adam lost his special position in the world and his special 
gifts, but most of all he lost his chance ho walk with God' 
eternally. God had given Adam the Opportunity to attain heaven 

> ItiriE a not a lp:gs, aeraSilbLe, CninaUc liierawtt Cm the eto3u(3qt. of man 
jnd theology. A etiekc Ei £170:1: UesoUM*, 1343; Bnnc, 1947; Eovcf, TM7I BHta, 
DorJodot; 1525; Haurec, Ifljiej Hcdley,, JobftSpn, in2*„ 1947; Mnmmi. 

:p4S;Maier*tt, l«T, 1*4®. ijj*: ffNeUI, I f 5 U: RehIe, i SJ a;. Tabisttfde Ottrfln. 
cy^H iOirto Dsn-Lnchnlic acoufUK nre given tv: t«k, Itav«n, 39.43, 

Smcth-jrat, rgjjj ChIu^ Jg'jjj WtetiHUy, 5 -qi.i; B.B.CL Syn'-vOSiVG'. ie*ej 
PrtOfl,, I*] Jf Mnscu.1, ijjfi, MS. 
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but origiiiiil sin deprived him of this opportu nity. The gravity of 
Adam's offence is seen the mote when, we realise that, although to 
■Adam it was an actual sin, the guik incurred was so monstrous 
that it affected the whole human creation. All Adam's descendants, 
although they have committed no actual sin, fall under this guilt- 
all men arc (men, with the stair, of original sin an their souls, as it is 
expressed. Before Adam and man can see- God they must he 
deartStd £tOm the effects of this sin by Baptism which enables 
them to merit the effects of the E.cdempdonL 

These, of course, art facts which we know by Faith and the 
infallible teaching of the Church instituted by Chtist, They are 
facts which have been taught by, or wete implied by the teaching 
of, the Church since its inception, and were implicit too under the 
Judaic Dispensation when the hope of the coming of the Messiah 
was Still vivid Among the Chosen People. A Christian knows all 
this, and secs no reason to consider it otherwise than as basic to 
his whole conception of Jus relation to God, bis Creator. Such 
truths of Faith are truths in the absolute Sense because they are 
revealed by God—and this is possibly the only way la which 
we may know absolute troth. There should be no outstanding 
difference between the interpretation which a Catholic will give to 
evolution, particularly the evolution of man, and many other nnn- 
Catholic, bur Christian, interpretations, in which the full force of 
the Redemption is recognised- The fact that God became Man at 
4 Certain point in human bistoty affects the whole of one's attitude 
to life and its ramifications, and determines out understanding of 
the nature of man which ia denied to those who do not heiicye in 
Coe Incarnation and the Redemption, 

If, then, any scientific finding of whatever kind truly con¬ 
tradicts the basic truths of Christianity, something is wrong, and 
seriously wrong. Our Faith can never he wrong; hence, at first 
sight, it would seem that the scientific finding is wrong- lint the 
scientist is also a man who seeks after truth, using his God-given 
reason to attain it, It often happens, however, that the scientific 
finding is plausible, easy EO grasp, and produces manifold practical 
effects, The inevitable result ia that the force, or impact, of the 
religious truth affected is lessened in its effects upon people. It is 
not £0 much that people, by anti large, deliberately say that such 
and such scientific facts contradict, nr do away with, the necessity 
for, auch and such religious doctrines, as that the accumulative 
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effect of scientific teachings when nreKcnccd in certain ways 
destroy the j milim in which Faith can grow snd be nourished. And 
this effect of science is made even worse when its findings aje 
used as ptopaganda to attack and undermine religion. Hence it is 
that the Catholic Church is very careful and discerning when new 
Scientific disco verier which may possibly touch on religion 
become available, because it is the business and mmn d'ftr* of the 
Church to promulgate and preserve the. Faith, ro protect Jt £tom 
error, and to protect her members from error which may in any 
way weaken their chances of attaining theic end, which is £o see 
God, To a Catholic this end is the most important thing of all. In 
the perfect order of things all should mod to this end. 

As we have already indicated in Chapter ] deeper examination 
of contradictions often shows, tkOWever* that neither the Church 
ntjE science k necessarily wrong- True science should HOI Oppose 
religion and religion need not opnose science. Aa we mentioned 
in Chapter i antagonism between science and religion je only an 
apparent antagonism. It is teal enough in the sense that there is a 
problem to be solved, but its reality is ooly transient, unless indeed 
propaganda prevents any resolution of the matter. Both the 
theologian and the scientist experience a compulsion which drives 
them on tn pursue their chosen tasks. Both expect their serious 
ideRE and conclusions to he created with the respect they deserve. 
But, alas, the liistory of the last hundred years alone has shown 
that this Ecspect, this cor.stdention for others* has often been 
lacking in large mcasnre on both sides. Antagonism was in¬ 
evitable and it was often fanned by the biased pen of the pro¬ 
pagandist. 

The: story of the development and reception of the evolution 
theory gives us One of the best examples of this antagonism which 
we now know reed never have been. As regards evolution suut 
science in general, the effect has been disastrous—the pro¬ 
pagandist has ensured the successful appreciation of science to 
ordinary people without bothering much about cheit fundamental 
understanding of it, especially in relation to religion. Nowadays 
it Is Only too true that one need only sav that science proves some- 
thifig (whether it dees or not is immaterial) and many people will 
accept ir as mi£ without further consideration, To say that some¬ 
thing or some statement i& ‘unscientific 3 is equivalent nowadays to 
saying it is wrong and conldn h c possibly be right. And by science 
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here is meant only empirical or positive science, Ai a result even 
deeply held convictions may be thrown Over because, jt is said, 
science teaches the opposite, It is an antsirng experience to 
question students nt a university level about science and philo¬ 
sophy ge theology. To many science students at least, science is 
truth, science cannot err, science Is a god; while philosophy and 
theology ate just nebulous talking shops allowing certain, types of 
persons to exercise their intellects, nut of no fundamental value. 
Unfortunately many of these Students became the future teachers 
and researchers Of Science and the error is perpetuated. 

Fortunately there are Signs of change in this unhealthy attitude 
which is. so largely due tn mi sunderstanding of foe true positions 
of all the sciences in tbc hierarchy of knowledge, The lack of a 
realisation that each branch of science, taking the word in its 
broad meaning to coyer all aspects of knowledge, has its limitations 
and limits beyond which it is nnt competent to go, has helped 
gteatly to product this Overall dominance of science, taken an the 
narrow modern sense. The solution to the impasse, which 
perhaps is aLrcady taking place, is obvious; it is that ft true 
synthesis of knowledge OSn Only came about by co-opciatio-ri 
between people pursuing all the various branches of knowledge. 
All the positive sciences can give much of value to those of 
philosophy and theology, and these in their turn can synthesize 
scientific knowledge, pointing out eh* pitfalls and checking ectors. 
But co-operation implies respect, and there can be no respect in an 
atmosphere of antagonism. Controversy and discussion are vital 
to the progress of any branch of knowledge, but what can be fhe 
result if, to cake an extreme and Ji-rtitiaus example, a clergyman 
comes along and says to a geologist, 'The Bible prows the world is 
OtlEy 6,030 vents old,* And the geologist says, “Nonsense, 
geology prams that 3t is millions of years old. 1 'There you are/ 
says the clergyman, 'science Is contradicting the Bible; science ii 
attacking religion; all you scientists arc atheists, 1 ‘Poohr says the 
geologist, who Is a church-going man himself, 'If what you say 
about fhe Bible is true, then the Bible is just a collection of fairy 
Stories/ 

Such a conversation may sound ridiculous, but yet it represents 
the sort of thing that has hsopened over and over again in the past 
hundred years and still happens yet. Both foe clergyman and the 
geologist show their ignorance, and what SOuM have turned out 
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CO be a valuable discussion on the ilge of the earth merely became 
a recapping match in which both contestants wert tbeloseia. Tbe 
result of such approaches to varying branches of knowledge as 
exemplified by these two imaginary and pompous people is 
antagonism. 'There will be no synthesis rheEe. 

Fope Pius Xn realised the futility of this impwsc years ago and 
in many excellent counsels 1 be encouraged priests to Study science 
sympathetically—it is dangerous to be ignorant in the face of 
modern scientific knowledge, he encouraged scientists of ah kinds 
to puEsue their legitimate casks; he encouraged philosophers and 
theologians to examine the conclusions of science; and he invited 
aill to unite and pod their knowledge to attain a universal synthesis 
for the good of mankind- But the Pope was careful to point out 
that tbeie comes n stage in scientific reasonings beyond which 
science cannot go, and it is at this stage that ( thc guiding light of 
philosophy' is needed to illumine men's minds farther. 

And now a Spirit of co-operation is in the air. In the first of a 
series of articles on ^i'he Destiny of Man* In the Sunday Titxtr 1 Si r 
Julian Huxley, who is one of the most eiuditc of living 
evolutionists, has readied the most important conclusion, based 
On his biological studies, that mar. it indeed a 'new and unique 
kind of organism', who has 'stepped Over the threshold of a quite 
new phase or sector of the evolutionary process-. Wc call it the 
human or psycho-social phase 1 '. Huxley conducted mao to be the 
sole tepresentadve of a new realm of beings who&e importance 
tianscendf. that of all the animal kingdom together, He suggested 
the r.-amc Psysfx^ps foi this type of being. Evolution has shown 
the importance of the study of tbe nature of man which Sir Julian 
secs only as directed etfectrvely towards his psycho-social asserts, 
that is, towards his mental (and spiritual) attributes. He wrote l 
"T he time is now tipe for an intensive and scientific study of 
p 3 ycho-socl. 1 l evolution and the possibilities and limitations of 
man kind. J 

This article embodied a welcome recognition that man's 
intellectual Spiritual Soul, as the Catholic philosopher would say, 
is that which determines the nature of man. Such a recognition 
cries out for co-operation and indeed in a later atticle in the same 
series Father Corbishiey^ recognised that Huxley's article and his 
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statements provided real points of contact of The biologi&ts with 
other disciplines. He wrote: Sit Julian is no narrow 

scientific bigot. His honesty Of mind and generosity of purpose 
are potent and his article may wel] prove to be a turning-point in 
the relations between biologists and theologians who, since the 
publication of Tbi Origin of Sperisr, have scarcely been on s-peaklng 
ternii. J Corbishley pointed out that this term ‘paycho-sociul' may 
be very misleading. Indeed Huxley did consider in general that 
the principles of biological evolution as such should be a guiding 
mentor in the study of this further phase of evolution. Such 
counsels are wise and correct and may lead to fruitful results if the 
researches involved follow a true hoc respecting the dignity of 
man as a unique and Spiritual being. Equally we may say chat 
evolutionary science is approaching the point beyond which it 
nifty not usefully go without the help of -disciplines concerned 
directly with the nature of man as a spiritual being. 

Religion has been the force for good in the world since rime 
immemorial. Father Corbishley contended that for the further 
Study of man theology is necessary and he concluded; 

True as it :s thHt the tremendous advances wEiich have been made 
in the physical sciences during the last century, adding munessuTabSy 
to man's comfort and his control of mituce, have been accompanied 
bv a decline in traditional religious beliefs, it is not Ices certain that 
man has never before been faced widi such, a gigantic threat to his 
very survival. Science alone points the way to and indeed attains 
certain limited goals, Theology alone may seem CO disregard inch 
objectives in its Insistence on one transcendent purpose for man. 
Yet die two are, in fact, really complementary, A genuine partner¬ 
ship is called for, to give greater immediate content to die categories 
of the theologians,, to ensure that man's greatest vg]u« ate not 
sacrificed to the important yet subordinate achievements of science. 

To Catholics, and indeed to many Other Christians, wherever 
the nature and destiny of man are concerned, the keynote of ad co¬ 
operation must be recognition of the unique position of the 
Quitch in this respect, and of the Roman Pontiff id particular, 
wherein is enshrined by teaching ifld tradition the guardianship of 
the Faith. Because the Faith and the ultimate -destiny of men are of 
supreme importance, itanjoending all mundane considerations, 
the Pope sounded a warning note to all Catholics when he wrote 

m 
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in the introductory put of Httwari GmrfJ 1 concerning the Faith 
and the Positive Sciences: 

It remains to say something about further difficulties ooncamed 
with the positive sciences (as they Me tailed}, and yet connected in 
a mote or less degree with the Emrhs of the Christian Faithr Some 
thinkers are loud ia rheii demand that the Catholic Religion ahoutd 
i^aie these sciences of the greateit possible account. An excellent 
principle, where ii ia a question of really ascertained facts; hut what 
of hypotheses, based to some extent on natural science, which yec 
affect the doctrines in Scripture and in tradition ? Here we- must he 
cautious; where such conjectures are directly or indirectly opposed 
to the truths God has revealed the claim ii inadmissible. 

The meaning here is dot und salutary. Anything flatly contra¬ 
dicting die known interpretation of revealed truth must be dis¬ 
carded. As Catholics we are welt aware here that in the end the 
contradiction will cum out to be apparent* or It will.generally 
come to he recognized as wrong. Theories and hypotheses in 
Science affecting the Christian Faith are not just to be accepted at 
their Face value. They must prove themselves. 

Nevertheless, a question here prompts Etself CO the Scientist, and 
it i$. At what point docs a theory enter the realm of ascertained fact P 
Qr, ifl other words, what is the degree of certainty which must be 
attained by a scientific theory which touches on the Faith before 
it can be calico into account by the theologian ? To ignore such a 
theory widely held would seem to be the opposite of Co-Operation. 
To judge by precedent, weight of serious opinion will play a large 
part here. If a large majority of past and present theologians hold 
to a certain point in theology, it would be temerarious Of ordinary 
Catholics seriously to doubt the point, likewise, if a large 
majority nf, &ay, biologists hold to a certain theory, j.f would also 
be rash for the biologically uninstructed to doubt it. The in¬ 
structed person is, in each case, the Otie best qualified to pass 
judgment upon the mattec so Ear as the facts embodied in it are 
concerned. 

This topic brings ug to the question of evolution and its 
relation it? the Faith, We have seen that the theory of evolution of 
plants and anim-als, excluding man for the present, has a tic- 
mend Dus amount of cumulative evidence in its favour; and it 
1 c PJa- 
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is supported on foe experimental side bp tlic actual production 
of new types of organisms. Trained pi to Sessional geneticists, 
cytologists, taxonomists and Lhdr combinations, Cvto-geneticists 
and cyto-taxonomists, morphologists, anatomists and palaeontO' 
legists, who are the scientists most concerned in evolutionary 
theory, do not Seriously doubt that a process of evolution has 
been in Operation In the past, and may even be working at the 
present. Among these people, who arc concerned -with these 
snhjects as their life-work and who come to possess a biological 
'intuition 3 as it were, evolution is an accepted and indeed logical 
find natural phenomenon. This conviction hods great support 
When it is further considered that no other theory tin arcount for 
the facts and no other theory susceptible of scientific investigation 
which agrees with the facts can be imagined. The biologast 
contends that evolution if the only possible explanation of the past 
and present existence of plants and animals -On this earth. In 
holding to this he is not appealing to mystEtal forces, he is not 
philosophizing ■ but he Is merely using the inductive and die 
hypothetka-dcducrive methods discussed tfl Chapter ] to arrive 
at a scientific conclusion. In the future the theory may develop, 
and be supersede* I by another, hut the newer one will not con¬ 
tradict die older, just as die newer knowledge of the structure of 
the atom, does not contradict the older atomic theory—it 39 a 
further development of it. 

There a/e doubters, of course, even in the biological world. 
There ate always some people who do not fed constrained to 
accept theories; they ate entitled to withhold their assent provid¬ 
ing they are qualified to judge the issue, In the past there have 
been doubters and critics who have raised every imaginable 
objection to the theory ofevolutlOfi, but all of the majot criticisms 
have been given answers satisfactory to biologists (who, after sfl, 
should be die judges In biological matters, Jfftiv sitiitt). Any 
biological criticisms still remaining mostly concern matters of 
detail. 

The theory of evolution, of course, like any human intellectual 
endeavour, is based on certain assumptions or postulates, but 
these assumptions have developed over a long period of time and 
they have become ro a large extent axiomatic, ifesldcs, foe theory 
of evolution has been attacked from all rides over the past 
hundred years and yet Ic has grown in content* in meaning, in 
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Stature and in cer tain ty, without ceasing oyer alt this period. No 
fact has so far been discovered in biology which does not fit into 
the evolutionary scheme sooner or later. It is obvious, of course, 
that OK the large scale no man could observe evolution actually 
taking pb.ee. He cannot sit and WAtch the fossils facing deposited 
over millions of years, and yet, in their own way, the fossils them¬ 
selves provide a good substitute for direct Observation, unless 
indeed we accept the stupid contention that all tine fossils ate arte¬ 
facts, oc put in the earth by the Creator to bamboozle men. When 
the author was a young, Inexperienced student he WtOie k> 
Professor J. B. S. Haldane to the effect (as far as be remembers 
now] that only a recording angel oOuld give direct evidence of 
evolution. Professor Haldane, who eouid easily have ignored 
this impertinence, courteously replied that the fossik were 
recording angels, OH words to that effect, I-Iow apt this reply 
really was! 

The biologist then ii entitled to ask those non-biologists who 
deride Oc deny evolution to produce evidence which should 
consist of SOIT-e thing more concrete than the ob'ccdans of the few 
professional biologists they may gather in after diligent scattfa, 
and then to balance this evidence with that in favouE tif the theory, 
The biologist further is entitled tn ash also if the oon-hiologist 
objector is really aware of the almost unbelievably Large amount of 
htrrature in esdstence which is based on some aspect of evolution. 
So many journals cOme Out every year in nearly every language 
that it is beyond the reach of any single biologist even ro rod 
all the abstracts, The biologist is also entidetf to ask if there is any 
sdentilic theory in exLEcencc which baa such a weight of evidence 
inits favour? 

Thus, to the biologist the theory of evolution is well established, 
and the onus of disproof lies- heavily OH the shoulders of sceptics, 
And yet in serious mood, few biologists will assert chat evolution 
k St face in the absolute sense; they are more likely to ask what you 
mean by an absolute fact. Indeed few things can be asserted in this 
sense which wilt command universal Agreement. There ls no need 
to labour this point, all we wish bn achieve k to show that, to a 
biologist, evdudon seems to be troe enough to 'warrant the 
serious attention of Others, particularly Catholic philosophers and 
theologians, in a spirit of co-operation, not grudging acceptance; 
to warrant too the serious attention of Catholic teachers, writers 
3 ** 
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anti editors ot Catholic papers,, 'who are in Such tavourablfi 
positions for influencing those they teach, or their reader. I£ the 
only result of such enlightened attention were to he an increase in 
the number of Catholics professrQemJly interested, who could 
measure the good that might come of it? 
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The. case, is tatber different when we come to the evolution of 
man, and we would expect this to he SO, if only because of the fact 
that man is acknowledged CO be a unique creature, Man has un- 
deniable animal features. He is therefore, in part, animal, and we 
would erpecc him to COtne under the laws of nature respecting 
animals. Mo one would deny these points, but do not let ua fall 
into the 'nothing but' error and imagine that man is nothing but 
an animal. If animals and plants have evolved, then a priori wc 
Clipart man to have evolved also. That is the expectation, for the 
biologist sees that evolution is a universal process applying 
throughout the organic world, and lie sees no reason to exclude 
man as an animal from that process. But, to save possible mis¬ 
understanding, let us drawa distinction here. When ihe evolutionist 
writes of the evolution Of man he may mean the complete man 
—body and mind (or soul)'—or be may mean only bis body. 
On the other hand, when the Calhol in (evolutionist or not) and 
the theologian write about the evolution of man, they mean only 
his body (which includes his brain). 

We have already said rhat the human evolutionist competent to 
judge does not doubt that man (physical man) lias sprung Or 
evolved from the lower creation. From all the evidence available 
he concludes that man too fits into the general evolutionary 
scheme; and the evolutiorisc continually searches for more and 
mote evidence to verify hj$ conclusion. How man has evolved is 
not SO well known and hence a legitimate doubt may remain. 
Some human evolutionists will say that the evolution of man is 
certain, and some will S»y that it Jl highly probable but has not yet 
been proved with absolute moral certitude. The evidence -for 
man's evolution is strong enough to justify the evdLutiocist in 
demanding another equally reasonable and scientific explanation 
of the facts so far known if evolution is not accepted. 

We may now quote a most important passage from the en- 
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cyclical of Pope Pius XII 1 called H/uwtti Gmris. This encyclical 
js outstanding to that forths Jirst tune in history a Pope mentioned 
evolution d itacdy, nearly a hundred years after the modern theory 
was first promulgated. Here is a n example of wise caution which 
gives an added importance and significance *0 the Papers words. 
The Pope wrote, and we quote the passage in full: 

Thus, tin; Teaching of the Chuidi leaves the doctrine of Evolution 
au open question, as long as it confines its speculations to the devdrp- 
ment, front other living matter a Lready in existence, of the human 
body, (That 90uls ate immediately created by God ia a via* which 
the Catholic Faith Imposes on us.) In the present state of scientific 
and theological opimon, this question may be legitimately canvassed 
hy research, and by discussion between experts on both sides, At 
the same time, the reasons for and against either view must be 
weighed and adjudged with r 11 seriousnern, Fairness and restraint; 
and tH=:c must he a itadineis on all sides to accep t the arbitrament of 
the Church, as being entrusted hy Christ with the task of interpreting 
tlie Scnptnnes aright, and the duty of safe-guarding the doctrines 
of the faith (cf. ALlocuc, Pone, ad membra Aeadcmiae Scicntiarvm, 
jo Novembris, 1-041; A.A.S. voi. XXXIII, p. joG). Tltere ate 
some who take rash advantage of this liberty of debate, hy treating 
the subpeet as if the whole master were clcscd—as if die discoveries 
hitherto mace, and the arguments baaed on them, were sufficiently 
certain to prove, beyond doubt, the development of die human body 
from other Living matter already in existence. They forgot, loo, that 
there are certain references to the subject, in the sources of divine 
revelation, which eaU for the greatest caution and prudence in dis¬ 
cussing LL 

There are several point a about this moat welcome Statement by 
the Holy Father winch we may consider in a lithe detail below, 
Thete is tto question whatsoever of the evolution of the human 
soul. Each human soul i$ created Individually by God* presum¬ 
ably at conception, that is* at fertilisation, or near to it, although 
there ate different Opinions about the time when it occurs. 3 It has 
always fo«n clear ro Catltolic theologians that the soul as the form 
of the body could not evolve, OK be the product of an evolutionary 
process, that is, it could not change its nature. This fact is Seen 
immediately when we consider that for a human soul to evolve ill 

1 1950, curt 36, 

a See rjurjiitksfi tbijfjei in Messenger, ijjw 
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the Strict sense would mean it would have to change into an angel 
or some Other higher Spirit. Each human soul Is truly unique, 
that is* it is a creation ‘ex and being immortal it cflUnat 

change into another for it would then lose its identity, The 
Church has always timgjlt the uniqueness of the human soul and 
its personal individuality which is part of Rei> elation and hence 
absolutely tfud. Mo amount of scientific or other knowledge can 
affect this truth and to disbelieve it, or worse to ignore It, 
ultimately leads to the degradation of man—a piQKSE we ate un¬ 
fortunately witnessing in this century, Hence, those evolutionists 
who con Lend that the mind Of man is merely a development from 
the animal mind ate clearly wrong. No Catholic can subscribe to 
this idea without falling into grave error. 

It is not a necessity unavoidable oendusmn to draw, either 
from comparative anatomy, morphology and physiology, or from 
evolutionary evidence, that the mind of mail is onEy a highly 
developed animal mind, OE that it evolved from an animal mind. 
There is no evolutionary evidence of the gradual transition of atl 
animal mind into a human mind, and no serious biologist would 
contend that there is. Although a great deal is known about the 
Structure of the brain through which the SOuL wOtlts, and the 
normal and pathological status of many men has been studied, in 
effect there is Still a very great deal about the human mind which 
we do not know; only the fringes have been explored. The 
relation between mind and matter has been a live issue for many 
years and will be for many more to come. Philosophy and 
philosophical psychology would seem to give more irdbrtnation 
about die soul than positive science because they cho get down ta 
a consideration of the souPs essence which science is unable to do. 
To prove that man's mind or soul has evolved it would be 
[jeccssary to prove that this human imlntf Kristi SOui is not different 
in kind from the sentient material mind of an animal As this 
involves fl contradiction, it could only he attempted cither by 
proving that the mind is not distinct from the brain and thus 
solving the problem of mind and matter (a jifAvir/ of the distinction, 
or of the existence of a problem, hoot proofJ, or by denying and 
disproving the existence of what die dieologjan tails spirit nail ry 
and intellectuality in man. Only a materialist would attempt to do 
dais because S, noo-jmtcriaEist realizes die futility of .it. 

Hence, it follows chat no CadiaJic tan hold any materialist 
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views of evolution. Incidentally we may note that it has been the 
propagation of this land of materialistic evolution which attempts 
to rnake man nothing hut a completely material animal body who 
has sprung completely from 941 animal level, wh-ich has helped to 
continue the antagonism between the theologian and the 
evolutionist, and to make the theologian doubtful of the value of 
a theory which teaches such grave etroi. 

Inasmuch as Catholic philosophers teach that the soul infuses, or 
informs, the whole of the body, we cannot say that it is in one part 
more than in another, Hence, It h incorrect to say that the soul 
'resides' in the brain and nowhere else. 1 The brain is the material 
vehicle through which the soul acts intelligently during life. Thus 
although itis'f it fide that the soul of man is individually created, 
one can hold that the human brain lias evolved from a lower 
animal. The human fossil evidence is largely bound Up with the 
evolution of human skulls und, by implication, the human brain. 
The materialist evolutionist would belt consider that if he shows 
the human brain has evolved then ipsa facts the mind Dr soul has 
evolved too. But this is a position forced on him by bis initial 
postulate that only matter exists. If he acknowledges, an im¬ 
material element in man he is forced to consider that this too has 
evolved from mflietial matter, and this is a plain contradiction. 
Catholic philosophers prove the existence of immateriality. And 
the contradiction inhetent in the evolutionary materialist assertion 
lies in the fact that a material body has panes, is extended; while an 
immaterial thing is simple, is unextended. It is impossible fot a 
simple thing to be formed from an extended thing. To say that 
the immaterial can evolve from the. material has HO positive 
Intelligible content; it is meaningless. 

The Pope acknowledged the possibility of the evolution of 
physical man from some lower animal. This is not to say that in 
[he mrd of the Chutch the matter is certain Or probable, but it is 
a statement of the fact that to hold such a view is not contrary to 
ScxiptUte as so far interpreted by the Church. Toe matter is at 
present an Open one, and the pins and cons may be seriously 
discussed. A condition of its legitimate discussion is that the 
question should he considered with respect and no antagonism on 
both sides- This would not prevent both sides from cridozing 
the findings and opinions of each othec. The statement is clearly 
1 The wul does rx?i reside lu die body sc ill—ic is [Aar D^ifi iroiet the body i rean. 
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meant to give importance to both scientific and theological 
findings on this question. This serious discussion should be 
between experts, that is, those who, by training and qualification, 
are competent to understand the implications of their researches. 
Unwarranted assertions by inexpert people of both sides can then 
be ignored, and the opinion of such should not enter into serious 
discussions. By implication, the points at issue may he taught by 
chose who, while not having dli highest competence in die 
matter* are yet sufficiently qualified to expound it. The Pope 
mentions experts On both sides,, and this can scarcely me in char 
those who discuss human evolution must he expert biologists (or 
anthropologists) and expert theologians. There arc vcey few of 
the highest biological authorities Ort human evolution who would 
claim tnuch qualification in theology. With understanding and 
Sympathy on both sides an expert theologian should be quite able 
to discuss the matter with an expect evolutionist and vie ,r mat. In 
view of the position and authority of the Church which ig God- 
given, and the special nature of man, the Pope expects all to 
submit the matter finally to the Church. AD Catholics un¬ 
hesitatingly agree to such a course. 

We can note ako that there have been Catholics who were 
rebuked by the Pope for taking the evolution of man for granted, 
as though it were completely certain. As already pointed out, the 
evolution of roan follows from the general theory of evolution as 
an a prim possibility but the state of the fossil evidence while 
strongly indicative to biologists must yet contain an element of 
doubt in it to the theologian. It is not absolutely certain that man 
has evolved in the way envisaged by evolutionists. Thete hive 
been biologists who haye maintained that the human stock 
stretches Far back into geological, time, a$ far bark as the time of 
emergence of the mammals- The discovery of Tertiary man 
would upset many of the theories which have been proposed- 
Finally, die Pope pointed out that Revelation is concerned in the 
matter. 

It is important to note that in this passage the Pope WiS con¬ 
cerned only with the subject of human evolution. Research and 
discussion 00 the subject arc allowed which implies it is not 
contrary CO Faith. If this is so, then by amplication, evolution in 
general is ako 1 legitimate subject for Carbolics, because in a 
biological sense the evolution of man is only a part of the larger 
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idea of evolution which includes all animals ftfld plants, Without 
an evolutionary scheme of plants and animals it would scarcely be 
possible to formulate a scheme of human evolution, We may then 
assume that there is nothing in Cite idea of the evolution Of plants 
and animals and man derogatory or contrary to Faith, subject 
always to the operation of the Divine Concuesus, 

In an earlier passage of HfHHN Gawm, 1 however, the Pope in a 
discussion of plesent-day fallacies wrote! 

.Some will contend that the theory of evolution, as :t is culled—a 
theory which has not yet been proved beyond contradiction even in 
the sphere of natural science—applies to the origin of all things 
whatsoever. Accepting it without caution, without reservation, they 
boldly p^lve rein Co monistic cn pantheistic speculations which re¬ 
present the whole universe as left at the mercy of a continual process 
of evolution. , . , These false evolutionary notions,, with tfuetc 
denial cf a IJ that 33 absolute, fised oe abiding in hu man experience 
have paved the way for a new philosophy of error. Idealism, 
iarnnonentism, pragmatism, have now a tival in what is called 
"existentialism'. Its method, as the name implies, is to Leave the un- 
ehanging essences of things out of sight, and concentrate all its 
attention cn particular caiatences. 

If would seem that here the Pope was commenting on a general 
COSnttc theory of evolution rather than On human evolution alone, 
It would appear that he did not mean organic evolution or even 
the evolution of animate from inanimate matter, otherwise there 
would have been no need for die later comment on human 
evolution in the same encyclical. This passage was surely a con¬ 
demnation, not of the Scientific theory of organic evolution as 
such, but of the various and erroneous implications which have 
been placed on it by various writers. The remark about 'the mctcy 
of a continusd process of evolution' surely does not mean that 
evolution must have been discontinuous but that Jt is wrong to 
picture i; as being controlled by 'blind chance', which many of the 
earlier Darwinians advocated and which again probably led to 
much Antagonism with theologians, ft is clear to Catholics chat 
in whatever way evolution does work, it docs so ooly through the 
operation of secondary causes and, however much it may appear 
to be undirected when viewed from the angle of its secondary 
causes, such as selection, the First Cause is necessary for its 

1 ijjo, pa***. J-fi. 
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initial beginning find the Divine Concursus- ia neecssaty to 
rnaintain it in. operation. 

In our discuRRinns in earlier chapters we have mentioned that id 
Spite of what seems to be the haphazard method by which selection 
works on organisms, a view cf the process in s<d« unmistakably 
shows the nperatLon of Jaw, and that evolution works towards an 
end „ and we may say that that end is man. Some evolutionists un¬ 
fortunately oppose fin-3 list theories in evolution, For example* 
G, G, Simpson 1 liad much to say about it. lie opposed what be 
cuLLed finaUsm which he practically equated with vitalism of the 
Driesch type and which is lather a scientific theory than a 
philosophical one, but be argued as though he meant 
which is a phiioRophicad concept As far as we understand him, he 
seemed to think that finalism, in the sense of finality, contradicts, 
or stands in opposition to, cnusalism (by which he meant 
causality)- These opinions led him to bold that man is just the 
‘result of a pueposeiess and materialistic process that did not have 
him in mind. He was not planned*, Simpson maintained that 
evolution is purposeless and has been so from the beginning. It 
would seem that, according to Simpson, teleology (S just non¬ 
existent. This is the kind of conclusion drawn from mat er i alis tic 
evolutionary ideas which the Pope condemned and which 110 
Catholic would agree with. 

Scientifically and philosophically, materialism is in a weak 
position, find as regards finality and teleology we may quote 
TF. R, Thompson- 2 He wrote: 

If it were possible to construct a theory of Evolution representing 
this process as due to pur* chance, andfiuHlists might have some 
cause for satisfaction and finalists some cause for alarm, It will, 
however, he evident from whsthas already been said that a Universe 
of pure chance is, in the strict sense of the wotd, unthinkably by 
which we ro^n, not simply something distasteful or dissatisfying, 
li 4 ic something on winch the mind cannot rake hold at all. A world 
of pure chance is simply chaos, or sbithiM disorder, artd the concept 
of absolute disorder has no hntdidgiblc content. Chance or 

fortuity is a by-product of finabty. The fat* tli-ir a certilu event, or 
collection of events, Is due to chance, therefore, does not annihilate 
the doctrine that finabty exists in the Universe; without the 33- 
sumption of finality the proposition could not even be stated, 
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Evolution may s&sm to some minds to be fortuitous bait this is 
because we do toot know enough about the process, about its 
causes and their interactions to predict the result, When we 
consider the Complexity of tile process it may seem that we jnftv 
never he able to give a complete analysis of it. To this extent the 
view which we have of evolution 3S always partial, anrf much is 
hidden from us, especially the end-view of evolution. As far aa 
natural selection is concerned de Beer' 1 also pointed out that this 
factor of evolution, "cannot be regarded as the result of chance". 

A famous biologist, H. J. Mullet, 2 said: H ""Purpose"" is not im¬ 
ported into nature, and need not he puzzled over as a strange or 
divine something else that gets Inside to make life go: it is no 
more an addled force than mind is something in addition to brain. 
It is sjmpiy implicit in the fact of organization, and it is (0 be 
studied rather thau admired Of ""explained 1 "/ Basic concepts like 
purpose, etc., have long been a bogy to many biologists; their 
rejection leads to pure materialistic interpc Stations of evolution* 
Jake that of G. G. SimpSOn above- But these concepts, while they 
may have been excluded from biology by some biologists* have 
never in fact been absent from it. We see that their attempted 
delusion gives only one facet of a picture which in nature has no 
eq nivalrnt reality, and thus must kad to distortion and error in 
the resultant inteEpreeation- 

An eicclknt concise account of some modern views of purpose 
and ends in biology has been given by Bernard To wets, 3 and to 
give some idea of the place of teleology in biology we give a short 
summary of bis views below. It is char fenm biological literature 
in general that the word teleology has been given several mean¬ 
ings. Towers analysts them according to the diagram in Figure 
*7- 

Clearly when we talk about ends and purposes we have two 
concepts in mind: (a) an end in view, which is the putpnse s-tilctly 
speaking and (b) the end result, In T ho mist terms category j in 
the diagram means. that all the efficient causes concerned produce 
a result which is inherent in the physical set-up. It can be re¬ 
produced and represents order not chaos. The exposition of this 
concept was due to Aristotle and the Schoolmen, and it was one 
of the factors contributing to the advance of modem science. 

1 3 h nfid see pp- * ]j<43,p. ■>bp. 
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Towers said that extrinsic fitlklity implies purpose introduced into 
the universe from without; while intrinsic finality is the purpose 
which is peculiar to biological systems. Category i corresponds 
to the "Design’ of Pflley, while categories 3 and 4 ate at the back of 
all the "emergent* and' creative 1 evolution theories, Category 1 „ as 
Towers wrote* "implies that there it some overall divine ctul-sn- 
Ylcw ot purpose in the universe, but that the putpose works in 
and through the operation of scientific Saw (except in so far as 
miracles arc concerned). It seems to me that Henderson and 
possibly D’Arcy Thompson argue in an inductive way towards 
this conclusion* and I find their accounts intellectually compelling. 


End 


End in view 
(purpose) 

J 



Ei?d result 


(j) Radieil finality 


tbrtnnsic fi.nali.tv Intrinsic finality. 

■ i \ V 

(r) Particular (i) General (j) Violist 


(4) Nna-vitaliat 


l 7 p. 27. biiigiiTn giviiu an. unalyuj. □£ teircLa|fy and J in p. I Li y (After Tdwcdi 
raiT* see te*F.) 


But this category of me lining of teleology could be arrived at 
logically., I think, from analysis of the implications of category- f. 

Many Catholics would endorse Towers’ views in this regard* 
and they seem to be the traditional views of the ThoitviltS at least. 
In the course of time it seems chat the concept cf teleology 
becacrue enlarged to indicate features not inherent in the minds of 
the original thinkers who discussed die concept- Many of these 
later meanings have not Stood tine test of time as with the vitllut 
ideas. But with the retreat of the vitalists, the intpie&iion arose 
that finality and purpose in ail their meanings were being discarded 
and discredited. As far as evolution is concerned the result W9S a 
materialistic interpretation based cm false premisses. 
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In the passage from Hn./asm Gtntrit Quoted earlier the Pope 
almost casually mentions dut there are references to the origin uf 
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man in Scripture which must not be ignored, The biological 
and flntfcuopologi til study of the origin of man can (in [7 be 
studied by the methods of biology and anthropology winch 
have tlicit limitations, But Revelation is certain and its mean¬ 
ing when discovered, Of interpreted authoritatively, is absolute. 
Scripture then should be a guide to the scientific Study of 
man's origin. As things ate, few of the authorities who study 
the evolution, of man ate also experts on Scripture, and hence 
it is that theologians have been almost wholly responsible for 
the Study of that aspect of the Subject. In practice this Study has 
largely consisted of arguments aa to the meaning of Scriptural 
passages regarding the origin of mail between those who 
upheld the biological theory, those who kept an open mind 
about it, and those who were opposed to it. Besides the study 
of the Scriptures themselves, the interpretation and teachings 
of the. Fathers of the Church, and die reachlugs of Tradition, 
were also involved - 

Tbe study of Church sources of this hind is highly specialized. 
Hence the interpretation of evolution in the light of Faith is a 
complex task and often turns on the meanings of words and 
phrases in the Scriptures or the commentaries of various ack¬ 
nowledged authorities. It is true diat at Erst sight some 
evolutionary ideas did KGtn to stand in opposition to the teachings 
in the Bible, and this fact in it&sif increased the difficulty of 
reconciling the two. Fortunately the position today is much easier 
and better understood, due in no small measure to the erudite and 
classical works of the late Mgr. E. C. Messenger and the late Canon 
H. de Dorlodot . 1 

By giving an account of Messenger's conclusions the historical 
approach which we have adopted in touch of this honk will be 
maintained. In Efitfoti&t and TbtofogJ? Messenger Erst examined 
the idea of spontaneous generation, that is., of the production of 
animate from inanimate matter. This is -a subject which docs not 
concern ns here; the organic evolutionist at present starts with life 
and, works from that point onwards. Ideas of the origin of life 
ultimately aifect our view of evolution but that stage Ms not yet 

1 S« E.C. MnicnteT, JjjJI, t^ISJ H, <V£ JJorkjdotj 191J. I vraukl Lib< to 
achao^lrtld? rr.y Lr-dcntsdrisss and mj a-ipccziatian of the ■wazks at McSSctigfcf 
DarJadaL brail must be s'fcvtlfai aoufW ef taformatiwi rapt nTailfibk 
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liccn readied in cvcduUooary studies. 1 Mevsrtbeless, we may say 
that fipontfiricou s generation was an nee epted view from very early 
times, Itl an earlier chapter W4 saw how many of the ancient 
philosophers pictured living tilings arising from ihe primary 
elements, often in a lined order. It was only in the last century that 
Fasceni and Tyndall shuuw'fid that there W9S no evidence to support 
abio-gOtiCFiia, as Spontaneous generation is called. They did not, 
however, disprove its possibility and the topic is seriously dis¬ 
cussed at the present time. From the theological viewpoint 
Messenger showed that Scripture implies in general that the 
origin of living things was due to secondary causes, that is, due to 
powers put ill inorganic matter by the Creator. Up to (he time 
of the iyth century apparently the Fathers of the Church 
and theologians interpreted Scripture in dais way regarding 
spontaneous generation. The scholastics in the ijth century, 
however, broke away from this view- This, attitude was 00 
doubt due to their faulty ideas of physics. Wt must not 
think that ad theologians agree with Messengers views in this 
regard. 2 

in science, opinion about the mattei has also ebbed and flowed 
but in modem rimes it seems that, with more understanding of the 
njnsdtutitm of the viruses find with advances in protein ir.d 
enzyme chemistry, opinion h again beginning to accept the 
possibility of its occurrence. The important point seems to be 
that if science ever proved the occurrence of abiogeOHB and the 
Church ever accepted it as true, there would be no serious 
difficulty with regard to the Scriptures and the teachings of the 
Ffithets- 

Wc come now to organic evolution in general Messenger 3 
wrote] 


As to the ofipernt, we consider that the evidence, 

consisting at it does of so many converging lines, ia sufficient to give 
a fairly high degree of certitude concerning the fast of, at any rate, 
sorn evolution, though Opinions muse necessarily differ as to the 
®c(M. And from the tkt&kgcai point of view, we consider that 
evolution is the. only reasonable way of harmonising nur modem 
knowledge of the succession of geological epochs, with their flora 


1 TficeriEi Of c™ of life nil ^culrtiT*. Ddil [ba =? mat 

Ike rtMftf rw./ eemuk TTg. FotktfaU. 1V1 8 . whkt ilia raOMiltt fulL refcrcrKtt, 
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and fauna, wi th the Scriptural utatemeitt that the earth produced aJi. 

the present-day species. 

This is a cautions statement- Without absolute evidence a 
theologian could scarcely say anything stronger than 'a fairly high 
degree of certitude 3 concerning a scientific; matter. So far there 
lias not been any official condemnation of Ft. Mcssengex’-s views 
in this regard, and indeed, as we have seen, Ibusdni Gmm'i of 1930 
gave support hy allowing the scientific discussion of man’s 
evolution. A biologist, in Fr. Messenger’s place, would probably 
prefer stronger language regarding the evidence and this could be 
achieved by omitting the word f ffii rly’ in the phrase r a fairly high 
degree of certitude 3 . Further, since Messenger originally wrote it, 
a m approach to the made of evolution has appeared and has 
gained ground rapidly among evolutionists. In spite of the com¬ 
plexity and detail of die evolutionary process modem biologists 
would probably say that we have sound knowledge of the mode 
of evolution. 

When we turn to the Fathers of the Church and theologians, 
Messenger points out that it is impossible to deal with every 
comment hy every writer cn the origin of hviug things, and hence 
he selects fbr comment those who belong to the hteral school of 
interpretation of Genesis. Another reason for this choice is that 
the Church has told us that the Htmtl butotk Jtmt of Genesis must 
be Accepted, It is important to note the distinction between the 
literal historic sense and the purely bteral sense. The latter means 
the sense of the words as we See them today, that is, their literal 
obvious meaning in these times. The literal historic sense is more 
difficult to attain. It means the literal sense of the words in so far 
as wt ktvow (hem but in the hastoric context in which they were 
written, and to ascertain this meaning recourse must be made to 
many sources of ancient history to discover the bteral meaning of 
the words to the people to whom they were addressed. 

The Fathers ur.d other writers mentioned by Messenger are 
given below, St. Ephnem in the 4 th century taught that planes 
and animals were produced by the active power of the dements. 
St, Basil in the same century held that the earth produced the 
plants and the same appbed to the anisnuls, St. Gregory ofNyssa 
considered that, like the Alexandrian School, all things were 
Created potentially at once by the Creator, and their subsequent 
ji4 
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appcacancc was brought about by the development of the 
potencies first created 'according to a limed and. necessary ordee of 
successiOJi\ Messenger remarks' 'This profound doctrine of the 
virtual creation of nil things at the beginouig of time is, we 
consider, Ottfi of the greatest achievements of the Patristic period, 
if not of ihc whole of the Christian en, ! The Creation of things in 
psl-fjsfia allows Ebr tbedr subsequent evolution. St. John ChtysO- 
ktcvni also taught that, according to Scripture, plants and animals 
were first produced by the operation of earth and WfttetS as 
secondary causes at God's command, ^e may remark tltat there 
sue certain similarities between these dews Of Scripture and those 
of some of the early pagan philosophers, In the case of the Latest 
their views have been considered as showing glimmerings of an 
evolution idea. 

The teachings of St. Augustine, Bishop of Hippo, retail those 
of St. G regory of hlyssa, but there are important differences. St. 
Augustine considered that th*re was an actual creation of in¬ 
organic things, but only a potential creation in the case of living 
things. And so we may progretS through the works of rite 
Venerable Bede, St. John Damascene, St- Booaventure, up to but 
CKtiuding St. Thomas Aquinas, where similar views ate given. 
Hence Canon Dot lodot 1 could write: 

&ume authors explicidv prefete the tbecny of absolute natural evolu¬ 
tion of living things in the sense of St. Gregory of Nyssa and £l 
A ugustine, Others repeat more or leSi in their entirety the assertions 
of St, Basil; lastly, there ait some who remain sikint on the matter, 
and limit themselves to expounding the cudei nf appearance of the 
different creatures, and the meaning of the sii days of the Htmnifnn. 
Bve wc have not been ntle to find a single Christie wiltce previous 
to the Scholastic period who opposed the theory, oi who endcavuuo 
to regard the ratienai stm/ifkf of St, Augustine simply *s material or 
passive powers, as later writers endeavoured to do. 

St- Thomas* however, on the basis of Aristotle 3 S physio, took a 
diffiteent view from hit predecessors. He taught (a) that die 
terrestrial bodies took an active part in the production of plants 
and inferior animals; (b) that the higher animats were produced 
directly by God. And so as we proceed! through the centuries we 
find some theologians agreeing with the eariy Fathers and others 

1 i-pz^.p. 
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agreeing with St. Thomas. It is clear there was no view 
about the matter. Hence Father Messenger 3 oould oOndude as 
follows: 'AD things considered, we think we arc entitled to 
conclude from the foregoing citations that tvokttitm as a kypolbtsis 
applied to the origin ot" plants and animals has won its Bmtj dt 
(ili, and there is no reason whatever to pdevent a Catholic from 
adopting it if he wishes to do so. And further, if jtfatst mddprm 
tht rtality t?f Spirit, t&n ww.jure ratii,n r a Catticdsi sboidd u-tkeixt /&>, for it 
would enable him to give complete assent to the teaching of the 
Fathers on the point.' 

In Ilia book Thtoi&gy md EM&jffwr,, Messenger printed some of 
the reviews of Ms first book £wistli<v> and TAepfygj with his 
comments and subsequent discussions between the reviewets and 
himself. The reviewers were all priests as Follows - Dr. Rhodes, 
Dr. Meagher, Dom C Butler, Dr. Flood, Canon Morgan, Dr, 
Michael Biowne (Bishop of Galway), W- McClellan, Dr, J, 
McGarry, £. F. Sutcliffe, A. Janssens. Dr. Bitccemicua, A. Brisbois, 
J, Giohh, Pice Lagrange. The book also included comments by 
Messenger OH Ff. Boyer h s Df Deo Crtsflte> ft final chapter by 
Messenger; and the second part of the hook was devoted to a 
Study of animation theories by Messenger, Canon Dorlodot and 
Bishop Browne. To ft certain extent then this valuable bonk 
summed up modern theological opinion regarding evolutionary 
ideas ftild the Scriptures. 

Some of the views expltssed agreed with Messenger's con- 
dnsions regarding evolution and the Fathers; some opposed him 
•almost completely; and some disagreed with parts of his Original 
thesis. It is clear that opinion regfttdhig both spontaneous 
generation and the development of living things is very much in 
the air as fa: as theologians are concerned. Beyond the basic 
teaching of the Church which we have already from Pope Pius 
XU, there is no unanimity of opinion regarding the details of 
these matters. We are unable to give the views of the various 
authors listed above—for this another hook would be necessary. 
In ft sense the conclusions of the Rev. Dr. Meaghec £ summed up 
many of the views expressed as follows ] 'Now for the inevitable 
questions: Is die Bible favourable to evolution? My Answer to 
that is in the negative. It it Opposed to evolution? Again I answer 
negatively. Are the Fathers favourably disposed to evolution? 

1 15 3 r, t:. £4. * In MuHngKr, i-wp, p. j 3 . 
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>Jo. Arc they then Opposed to it? No, I do not think SOj because 
they never thought of it r h 


4 . Epofutm and it * Cnafm 0/ Adam end Bps 

Certain docuiKnCt of the Church should now be mentioned to 
complete the account we have ol ready given, Documents of this 
kind, while they are authoritative in their meaning, arc not meant 
to he infallible pronouncements. They should be approached in 
the historical spirit of the times in which, and beating in mind the 
purpose foe which, they were written aud the circumstances 
which called them forth. 

In 130$ the Pontifical Biblical Commission established by Tope 
Leo XIII in 150Z issued a Decree, which had the assent pf the 
Pope, and which contained answers to eight questions. All at 
these questions were concerned with the historical character of 
the first three chapters of Genesis, This Decree Laid dawn that the 
literal historical sense of Genesis must not he doubted nnd by tills 
jp meant the literal sense in which the people of the times, when 
Genesis was given would have understood it, and Genesis is not 
here teaching science OC history in the ordinary way. Among 
others* the Decree also gave what the Commission called four 
fundamental troths which are Intimately connected with the 
Christian religion, Thesewerc^ 

I. The creation of all things by God at the beginning of time. 

J, The special Citation of man, 

y The formation of the first woman from the first man, 

4. The unity of the human race. 

Concerning these matters the sense as given in Genesis is not 
metaphorical or anthtoponrioiphic, but literal in the historical 
sense; although the chapters may contain metaphorical and 
anthropological elements. 

Then, in 1541, Pope Fins XU gave an address to the pontifical 
Academy of Science which futdier emphasized these Decrees, by 
stating: 

1, The essential superiority of man in relation to other animals 
hy reastin of his spiritual soul; 

1 S«Mesb™sci. p.: S 7 . 
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a. the derivation of the body of the first woman from the first 
itiftrv and 

the impossibility that the father and progenitor of A man 
eoold be Other than a human being, Ire., the impossibility 
that die filst man could have been chfi son of an animal 
generated by the later in the proper sense. 1 
Later, in 194S, a letter was issued by the Secretary of the Biblical 
Commission to Gridina! Suhard, Atchbishap of Paris, in which 
was upheld the essential spirit of the 1305 Decrees, including the 
importance of the literal historical sense irt interpretation, but 
which allowed discussion in the light of later discoveries.' 2 Next, 
Hfjp/ani Gtatrii , already mentioned, was issued in I $150. In this 
document it Is declared that the study of the evolution of man's 
body may he pursued by those concerned under certain conditions. 
And then the Pope wrote: 2 

There are ether conjectures, about poiygtnisni (as it is called), which 
leave the faithful no such freedom of choice. Christians cannot lend 
their support to a theory which Involves the eristtnee, after Adam's 
time, cf srjsne earthly mte of men, truly 50 called, who were not d«- 
ceniid ultimately from him, or alto supposes that Adam was the 
name given to some group of our primordial ancestors. It does not 
appear how such view?, can be reconciled with the doctrine of 
original sin, as this, is guaranteed Co us by btitpCuie and Tradition, 
and proposed to us by the Chnteh. Original sin is the result of a 
sia committed. In actual historical fact, by an individual mar. named 
Adam,-* aud it is a quality native to all of us, only because it has been 
handed down by descent from him (cf. Itom. j: Cone, Ttid. 

3 cs 5 . V, can. 1 - 4 ). 

The position of a Catholic regarding the evolution of mm is 
quits dear, but there may be souk difference of opinion regarding 
his mode of evolution. Some theologians contend that Adam was 
specially created in ioto, others that secondary causes have played a 
par;. If we accept the evolution of man from the lower creation a 
difficulty arises in connection with the problem ofhow an animal 
father and mother could produce a son (see the third potot given 
by the Pope mentioned above). The Pope said that Adam could 


* 5ij bardi'ciirdfid, act ^poiioika JTfl&r, igqfl, nnd CAfffRfWfar t re, pp. 4 aj- 

J 37. 

* 'lne (rfllMfauori vsed heer ix Chat of Mgi. K. Kint. This phrase mtjm toiy chat 
Aidatr. mu an aotnaL Jlvifig 1 JUtKVt, 




EVOLUTION And Christians, continued 


not have beer! generated from an aiu mal father in the proper rt/rie, 
jinff this is a sense which goes beyond the biological feces of re¬ 
production. lhuS, the answer to this problem may only be given 
by philosophy bearing in mind die biological Facts of reproduction 
in which a male a perm unite* with a female ovum. On the 
cvoludonaEy theory thes* sex ceils, in the case ot" Adam* may Only 
have been produced by pfehoininid^ i.e., from anLLtiaUr IF this 
were so then these sex cells could have been the mstrwvmttel 
autltf of the production of Adam inasmuch as they furnished itt 
poteaiis the biological requirements of the human body. In the 
ordiiWV way the body they produced would have lacked a human 
aoul and so the resultant creature would have been purely animal 
But if these cell* acted by die virtnr of God to 'receive a human 
soul when the requirements fot the formation of a body fit to be 
human had been biologically fulfilled, then, in a sense, God would 
be the actual 'father’ of Adam, In ordinary human re Reduction 
the soul infuses the Ixody some time between actual conception 
and birth. According to those who advocate mediate animation 
as opposed to immediate animation the soul only infuses (he body 
when the latter is fit to receive it h by which is meant the stage when 
the embryo undeniably p 0 SKB 5 « the mental and nervous 
mechanism enabling it to be distinctly human. The first created 
human, soul may have been infused in a manner analogous to this 


method. 

If this philosophical explanation is correct then « & legitimate 
to pursue the matted along biological lines. It the Tope’s words 
were to be taken Literally then it would mean that Adam Mold 
have had no genetic connection whatsoever with the animal world 
and at the Sfltne time his evolution irom the Lowed creation may be 
Studied and investigated, and hence WC oauld only look for his 
production either bv a direct creative act of God or from a mail 
and woman already in euatence. A modem review of opinion* 
regarding the evolution of Adam and Eve has been given by 
T, O’Neill 1 in two excellent articles which support the mtta- 
photical intetptelation of parts of Genesis as given ktet in dus 
section. While for a good general modem account of Genesis the 
reader may be referred to Margaret T, Monro S Tb»k*& ™ 
Gnash (195 ?)■ Wt will return to this topic shortly. 

The Decrees of die Biblicsd Coumussson and the 1 apai State- 
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merits indicate that the present human me* is descended from 
Adam alone, who was a single hum Em individual, arid the word 
'present” is a keyword in the contest used here. Some people have 
held that Adam was iftthec ft group of individuals who sinned 
collectively* but the Pope pointed out that such a view cannot lx 
reconciled with the doctrine of original sin, Si)d such a view 
would also seem to oppose the concept of the u mty of the human 
race, Aa the prutni human race arc aU descended from Adam, 
evolutionary ideas, such as the existence of distinct types of 
human being, may he valid if they wete not actually and ultimately 
descended from Adam, provided all of theoi perished at, or before* 
Adam/s time, or left 00 descendant* after him. Human palaeonto¬ 
logy indicates that some at least of the ancient types of early 
man were geographically fairly widespread; PithitdfiibrapHj, for 
example, lived in Java, China and possibly Africa. P re-Adamites* 
if they ever existed, might aLsn have been widely scattered. It ia 
difficult H> vlsuali™ how they could ali perish by natural means in a 
relatively shore time. We have already noted that one famous 
systematic, Eh May r, 3 has proposed to classify the meant hominids 
into one genus ’with three specie? aa Her™ irmipaaktisist H. tmtiis 
and H- sapiens. The first of these: is doubtful but the second is 
human nr near human. Further, Mi'tyt considered that there is no 
evidence to show that mote than one species of Hems was in 
existence at any one time. Hence, if this is true* Horn {Piibtatn- 
(hy/paij) msta may have been a Pie-Adamite—that ig T a race of full 
human beings from which Adam might have sprung when this 
rac* was in its last Stages Of existence. If, however, die human 
races* or kinds, found so far were really different and if they, or 
some of them* were concriatcot wrch each other, then it is difficult 
to visualiae how they could all perish, except doc race, by natural 
means in a iclativeLy short time. 

On toe other hand, perhaps it would be better to consider Adam 
as the absolutely first human being of all. There is no serious 
evolutionary reason why all mco should not have descended from 
a single original pair, and this indeed is what biologists would 
expect- The development of even two, let alone a large number* 
of original men of independent origin would Indeed be a unique 
example of an extraordinary number of cases of convergence or 
parallel evolution which would be the more astounding when we 
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consider the vast chasm between ttmti and die lower ciead-un. 1 
But this argument does noc exclude the possibility of die existence 
of Pre-Adamires "who may not have been truly human except 
nearly SO in a physical sense. The Chutcb has not yet given any 
decision about the existence of Pne-AdanutH, except that they 
must have ceased to exist after Adam's time if they were truly 
human, but their extinction would not be nece&s&ty if they were 
prehominids. 

It is possible tbac part of the difficulty in conceiving the 
evolution of man lies in the fact that wc all tend to regard A dam 
as having been a mfUl jUSE S3 W£ ate at present. Possibly we Look 
upon him as having been a kind of Adunis. But if we CM, get rid 
of such preconceived ideas it is easy to see that in all probability 
the first man was very bullish in appearance, and certainly not 
Adonis-like by out present-day standards of beauty, After all, 
why should Adam have had the appearance of a modem Euro- 
p«in? It is reasonable to suppose that man's body has undergone 
small changes aifectiug his appearance since Adam was created 
and indeed it has dene so in die production of the various white, 
yellow,, and black races. Consideration of the piobsbLe appearance 
of the various types of men revealed by the human tossili in¬ 
dicates quite clearly that early men were animal-like in their 
appearance. This is shown bysuch features as the prognathous jaws 
and the prominent eyebrow ridges, to mention only two features. 

Granted the points we have mentioned, then it 33 possible to 
r peculate-further on the fbtmafion of Adam. Biologic ally* in the 
present State of Out knowledge* the only way in which Adam 
could be produced is through the agency of sexual reproduction 
involving the fusion of two gametes, that is, it implies die prior 
existence of male and female parents. It is really inconceivable to 
see how c. human besog or higlier animal could be formed in wy 
other way. 3 If these gametes could act S3 instrumental causes then 
Adam could have arisen from prehominids or noQ-spiritual Frt- 
Adamicss- 


p Set »1 e> pp. nadfoanotss, P- ij?, 
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Tel: us try to picture the situation in modem terms as it may 
have been at the time when Adam was created. The fossil 
evidence indicates that scattered about the world there vere small 
populations of various kinds of man-tike creatures. Some may 
hayic been more man-like than others. Perhaps in one of these 
populations mutations began to arise which gradually pushed the 
physical appearance of these creatures away from the animal type 
towards the mai>lLke type and which set the further development 
of the brain in motion. If such mutations were recessive and 
amah, according to modem population genetics they would be 
present as hetfirozygptes for a very long time quite unrecognized, 
but gradually they would accumulate and become dominant^ 
ousting the previous mote animal-like dominant type. For 
similar mutations add a simil ar process of emergence to arise 
in other populations would he biologically very unlikely, if noi 
impossible* because of different conditions and envi ronnient in 
other populations and situations* Hence these prehominids 
would be concentrated in one local, perhaps relatively small, 
geographical area, or even ecological niche* 

Once the specifically liuman physical characteristics had become 
dominant the evolution of the population could have progressed 
very quickly until creatures very nern to man had arisen. Among 
this population at this Stage some individuals would be in advance 
of their fellows, some whose gait was practically erect* who had 
started to Lose hair* etc*, and whose brain may have been fairly 
large and advanced io structure. Perhaps at the conception of one 
of these more advanced types the genetically near-human gametes 
became the instrumental causes in the formation of the first 
human being which at the moment of conception received a 
human spiritual soul. And these gametes could have carried the 
final mutations making the full physical development of a man 
possible when fusion between them occurred. 

Adam would then have been born among a population of in¬ 
dividuals many of whom, perhaps most of whom, would have 
been very like him physically. Some theologians have been 
repulsed at such ideas because they have seen great difficulties in 
the upbringing Of a human child by animal-like creatures. Granted 
it would be difficult to imagine a modern European baby' in the 
midst of apes. Ent is it so difficult to imagine a baby in the midst 
of a Pii.btiimthropui population ? We may note here that some 
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hunt (in palaeontologists consider that Pit&KM/brtpur was near- 
human, that is* prehominid, even though he may have used fire, 
fn such a population the L^aby could he nurtured and grow up long 
before he could realize in the normal course of human develop¬ 
ment that he was somehow thifeEcnc. The Intelligence and fadings 
of a dhjkl develop only slowly. As the child grew up he would, 
gradually realize there was some difference between him and his 
companions* but his occupations., likes and dislikes would have 
been similar to those of his companions. His sphstual sou] would 
give him higher feelings and insight which would have cnaldcd 
him to "walk with God' during all this process of development, 
until he realized he was 'alone' and needed a companion. He 
would have been like a genius m die midst of a very mediocre 
family, and ate such cases unknown at cite present ti me r 1 

Another of the teal difficulties raised by the theory of the 
evolution of man is to account for die formation of Eve, This 
difficulty is eO great as to prevent many theologians accepting the 
physical evolution of man ill Spite Of the biological evidence. 
Part of rhe difficulty is due to die fact that early writers accepted 
the lilcral story that Eve was formed fiom the rib of Adam. 
However, this is not necessarily true^ many other authors did see 
that it could he i n same way metaphorical ■ Cajetan, for instance, 
in the t£fh century, held such a view. Thus the miraculous 
origin of Eve from a rib of Adam is not a ik fidi doctrine. The 
Biblical Commission phrased its opinion very cautiously: ftrmafw 
prime? ffliihsrh ax prsmo Amvhm: the first woman was formed jrof.n 
the fi rst man. It thus tacitly accepted chat the story of the lih was 
metaphorical* and left rite: field open for discussion of the enact 
force of the metaphor. 

What !e the metaphor? Many suggestions have been made* 
some along very fanciful and not biologically sound titles. For 
instance, it has lieen suggested that Eve arose from one of Adam's 
chromosomes. But one human chromoRoine does not contain the 
potentialities of a human licmg: all the missing chromosomes 
would have to be created sx tribilo. Again it has been suggested 
that Eve developed from one cel) of Adam. Biologically it is 
possible fur a gamete or Se* ccLl to develop into on adult-individual. 
Parthenogenesis is not uncommon in some plants and animals* 
and there are several other forms of asexual reproduction and a: 
reproduction from haploid cells which later undergo a division to 
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4DS-UIC that the normal number of chromosomes is formed, None 
of these cxamoles, which indeed arc normal to the organisms 
possessing them, hftve been, seen in human beings. Of even in the 
higher animals. It is possible, of course, that the biological 
conditions Vt the time of Adam we*e very different from diose we 
know a£ the present time, but, in any case, such parthenogenesis 
could only occur in the human female not itt the male. Male 
parthenogenesis in the way envisaged ts thus biologically un¬ 
sound. 1 

E. C. Messenger favoured a method involving parthenogenesis,, 
but be freeiv admitted it was, only a sp*Cu latioti, as all these ideas 
must be. Physically a man, so long as he remains a male, is quite 
unable to produce another human being, male or female., directly 
and unaided. In the present state of our knowledge biology docs 
not give any indication of how Eve may bflVC been formed other 
than through some method involving the process of sexual re¬ 
production. Moreover, if Eve was formed from Adam’s body 
directly, excluding any sexual reproductive method, then another 
biological difficulty arises which docs not seem to have been 
considered up to die present, We tefer here to the sex chromo¬ 
somes. In human beings chc sex mechanism is genetically 
controlled by the X. and Y chromosomes. Ihe male possesses one 
X and one Ychromosome. These ate homologou s but ate identical 
in only a relatively small region of their lengths; otherwise they 
are different. The female possesses two X chromosomes which 
arc homologous and idcndcaL In the inheritance of sex these 
chromosomes move very precisely so that offspring (excluding 
accidents) are always XX (or females) and XY (or males). If a 
female were to be produced from a male an X chromosome would 
have to be added somehow and a Y chromosome lost. Soch a 
change would be different biologically from cases of men alleged 
to- haw become women in later life. 

However, there is yee smother approach to the text of Genesis 
which would take the story of Eve's creation as metaphorical but 
as 4 metaphor which has nothing to do with her physical origin. 
To appreciate such views properly it is necessary to rid. Out ffliflds 
of many preconceived ideas abouf these parts of Genesis- The 
author of Genesis is cot primarily interested in the physical facts 
of man’s creation, but in die deeper, religious truths of man’s 
1 Suftataob p. in. 
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relationship to God* of the dependent* OF man nn God and of the 
loas of supernatural grace r As fan as the physical truths are. con¬ 
cerned, the writer, or writers, of Genesis wcie not present at the 
formation of Adam and Eve,, and aii that could normally be 
sxpccced is that they should expiess the Divine ttuths in the light 
of the knowledge and ideas of the titties. 

In Genesis, Chapter 3, veise iD.ive lead; H And Adam oiled the 
name of his wife Bv*; because she was the mother of all the 
living, 1 In the original langijii.gr used Eve's name was Htiawab 
which is connected to the Hebrew verb bftjmA ttieiraing 'to be, 
Hrfivtt'iil' is not 9 p£Opet name, but rather describes Eve as the; 
mother of the human race in the same way that Adam simply 
means J roan" and is likewise connected to the word adamih mean¬ 
ing rth'. The creation of man and woman is given in Genesis, 
Chapter i* verse as 'And God created man to his own image; 
to the image of God he created him, L Stale and female he created 
them-’ 'ltiers would seem to he no suggestion htEe that man was 
created first and woman latei. But GenesdSj Chapter a, verses 
t g- 24 , gives a. (nller account as follows: And the Lord God said: 
It is not good for man to he alone: let us make him a help like 
unto himself.. 19. And the Lord God having formed out of the 
ground all the beasts of the earth, and all the fowls of the air, 
brought them to Adam to see what be would call them; for 
whatsoever Adam called any living cteAtuie the same is its name, 
jo, And Adam called all the beasts by their names, and all the 
fowls of the air, and all the cattle of the field; but fur Adam there 
was not found a helper like himself, a t, Then the Laid God cast a 
deep sleep upon Adam; 9 ttd when he was fast asleep, he took ont 
of his ribs, and filled up flesh for it; zi. And the Lord God built 
the rib which he took from Adam into-a woman: and bionght her 
to Adam, sy And Adam SfikU This now is bone of my botVSS, 
and flesh of my flesh; she shall he called woman, because she was 
taken Out of mam 14, Wherefore a man Khali Leave father and 
mother, and shall cleave to his wife; and they shall be two in one 
flesh.* 

Some points to notice in these verses arc fiist that God noted it 
was not good for man to be alone and needed * c twlp like him¬ 
self 1 , but 00 help was then made, First the animals weie brought 
to Adam who named them, bat none among them was suitable as 
a companion for Adsm- It is cleSt that Adam S companion must 
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be near to hitn, Suited to him and not a mert JKlimj], At the tim e 
these passages were written woman in general was held in 
contempt fit only to he a toiler fot man, Ibrat verses ij and £4 
dearly reverse this view o£ the very iow status of woman by 
showing how dose Eve was to Adam — she W9S part of him ■ she 
had the same iiftture as he had. She was bone of his bone, flesh of 
his flesh, a suitable companion for biro compiementadly expressed 
in die it union as man and wife which shall be 50 dose that they 
shall be two in One flesh (tod a man shad leave father and mother to 
effect this union. Thus the essential truth here would seem to 
be that man and woman are e^^al in dignity and nature and made 
for each other. 

Genesis teaches that Adam and Eve were vety closely connected 
to each Other, and the Biblical writer showed this in his own way 
by the metaphor of the creation of Eve from the body of Adam. 
But why this particular metaphor was used seems to be uncertain. 
Jn correspondence the Rev. L, Johnston 1 wrote: 

If we remember that these chapters of Genesis ate not the result of 
rtveUtian to the author, but the inspired result of reflection on the 
emting stare of humanity, we shall understand chat he frequently 
presents an argument from clfect as if it were an argument fio'u 
causality—he elaborates his description of the odgiri of mam, not on 
the basis of first-hand observation, but on the basis of the observed 
effectj. The tlisdiption of the creation of Eve, then, is intended to 
teach us her equality in nature with Adam and also a role secondary 
to him. 

If such ft metaphorical interpretation. as wc have given is valid, 
then a biological explanation may be: sought which seeks the 
formation of Eve through biologically normal channels, and not 
through some unsound fanciful methods such ws we have already 
mentioned. Scone writers, such as M- Paqu:er, 2 considered that an 
early division of the embryo of Adam could have given rise to 
Eve much in the same way as identical twins are produced, 
Generally, however, identical twins are produced simultaneously 
in the very first stages of division of the fertilised egg. It Is 

1 FalhcT L, J-abriaren uf Ubiiiw Cdllcge hin given mi verv great aaiufarcac in 
irrivinvBtan iiucrprentLnn oFibc relevant parti of Gcnwa ftrtdhtlua fjnitlefl not ill 
tiuTjtJgri thla 6fetLfM ftu A dim and Ere, bar chc rLoJu|jici.l rxplnnstiani are cmiir 
pJericly mi aar.. 

3 See AbbA J. Grata, ] 1.14 :.', p. : 44. 
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scarcely possible to say that one has precedence in time over the 
otlue.r. Again, identical twins, hy due if vely method of production, 
ait always of the same sex. If one were male and the other female 
an explanation would have to be found fot tile: difieienccs in the 
sex chromosome mechanism, which 15 not easy to visualize. There 
may also bo a philosophical ditficaiity in s’ichan explanation which, 
of course, is present in any ease regarding the origin of the human 
soul in Identical twins, And while souls may not posses Sfct as we 
know it, in the production Of Eve as visualized above, the 
original iygote muse have possessed a substantial form of one 
kind and a short dme later another different hind of form would 
have heen present, unless One accepts the mediate animation 
theory, that is, clue theory that the soul docs not infuse the body 
until it is more or less recogn Lzatly human- 

Auodtet explanation of the formation of Eve may be given 
which avoids the biological difficulties involved in the methods 
mentioned SO- far. It may be possible that Eve was formed irt the 
most natural way of all, that is* by the ordinary method of sexual 
reproduction. In the very first few generations of human beings 
‘marriages' must have been between very close relations, Such 
dose unions could not in those days have been repulsive ot un- 
OftStbctic; indeed, they must have seemed natural and normal to 
the people involved. If, then, Adam was the product of pre- 
hominid parents acting as instrumental causes , 1 or of Pre- 
Adamites, if they existed, which may have been practically pre- 
bominids, and if he grew up among these picbominids very neat 
to him Jtl the physical sense, then lie need not at Erst have been 
physically repulsed by the more advanced females among them, 
and thus he cOuJd have had a child. I^rer, perhaps even befotc 
this child was bom, a psychic isolation mechanism may have arisen 
which prevented him from associating with other of these pre- 
hotuLuid creatines , 2 The child produced in this way would then 
have been the product of a folly-formed human male gamete and a 
neat-human female egg. As a single gamete itself contains flit die 
pOKHltjalitieE- of the offspring, the ch ild would have been human 
In the true and full sense of the teem, and could have received a 
human soul in the way WC all do. It would have been formed 
fmm the body of Adam in the. most natural and intimate way. 
Such a child could have been Eve. We may note also that such a 
J See p. 519 hid ] 5 p. j it-jij. 2 5 k aifiop- TgS. 
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close union of Adam with Eve would, in the biological sense, 
enhance the specdficSlSy human qualities of dieie descendants by 
'strengthening tilt breed' to use a genetical phrase, In bleeding at 
this stage of humanity could only have been advantageous. Later, 
however, it would become partly disadvantageous if practised to 
any great extent. 

Finally, Eve may have, arisen in another natural way involving 
Sexual reproduction. We have already mentioned that Adam 
could have arisen from rite fusion of two very near-human 
gametes carrying the feral rnutaticna necessary for the completion 
of physical man and which were themselves produced from male 
and female near-human advanced prehominids. Such gametes 
would be potentially human. They would have arisen as the 
result of a single mecotic division in which segregation of the 
mutated chromosomes would have occurred irt the normal way. 
In the normal way if A mother cell carries, shah we say, factors An, 
when medosis is completed four nuclei are produced, two with A 
and two with a. Hence, 10. the hypothetical case we are consider¬ 
ing, four gametes would have been formed in each patent, each 
carrying the necessary final mutations. Font of these would! entry 
the X chromosomes from the female, and from the male patent 
two would carry one X chromosome and the other two the Y 
chromOSOmCr 

1c is possible, and perhaps not unlikely^ that when copulation 
occurred between these parents a double fertilisation took pliCft 
bringing together these potent!^ human gametes carrying the X 
and X Q£ Y chromosomes and acting as Instrumental causes. Of 
course, two zygotes would result, one with XX chromosomes* or 
female, and one with XY chromosomes, Of male. As ferlilhrarioil 
ii a random, process, there is no reason why the XY combi nation 
should not have been produced first in time. The final result 
would be the birth of fraternal twins, one hoy and one girl, and 
perhaps the boy would be bocn first, although Strictly tills would 
net be necessary. TbeSc children could then have been Adam and 
Eve and their subsequent marriage would perhaps, not be so 
repugnant or difficult to picture, When we consider all the 
numerous factors in such a process as outlined above which 
would be needed to bring about such a concatenation of events, 
we sec clearly that it is extremely unlikely,, in fact practically im¬ 
possible, for the process to be repeated exactly. The production 
) aft 
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of fraternal: twins discussed above should not be confused with 
M- Paquiec's idea of iiie formation of ide ntLcai twins mentioned 
earlier. The processes .involved are completely different aad not 
strictly comparable. 

Such biological estpianadons of the formation of Adam and 
Eve as we have given may seem to he as fanciful ns those men¬ 
tioned earlier, hut in any case, they arc net biologically unsound, 
01 indeed unlikely, given the tdrcu mstahCes of the times, And 
they do acconnt for i.he nearness of Eve to AdatU and perhaps her 
dependence on 1dm, and they ate not cantcary to evolutionary 
possibilities. Nio doubt such speculations tend to offend our 
aesthetic and perhaps psychologically preconceived ideas, hist 
then, have wc really any reue season for projecting our advanced 
ideas 3 nto the unknown mind of .Adam ? 


EVOLUTION AND PHILO&OVHTt THE FAITH 
OF A CATHOLIC EiOlOqi$T 

EwhitiM and philosophy 

Donald Nictioll 1 writing in the Ta&itf about a discussion on 
The Destiny of .Mao' in the Sunday Tims already mentioned had 
this to say, and in spite of its length I give the whole paragraph. 

During the past few centuries the ordinary Catholic has been rtfldeted 
'homeless 1 in the univeise in the tense that the images in terms of 
which be lives his leligLaus life have became unrelated to the ctHH 
eepts in which he is taught to think about evtntl in space and time. 
Over the course of a thousand years aaints, artists, thinkers *nd poets 
had built up for him a vision of the whole universe which gave him a 
focus, a hearth, a home wherein he could grow up, say his prayer, 
bury his dead and be buried, awate that he belonged, that he had a 
place. Nowadays, especially under the impact of die evolutionary 
images which meet him in film-t, fielevisjon and radio, he had come to 
accept: unconsciously the dictum of a famous biologist, chat "man is an 
excrescence on the face of the universe'- He ia homeless, (tod if he is 
badly educated oe not specially intelligent he feels completely an' 
protected outside- the walls of die church, Is it not pojs:ble for 
Catholic biologists and palaeontologists to offer him a vision of 
the. unlvciac which, will tabs jn the discoveries of recent centuries 


1 1 S]t), p, *&?■ 
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and pet allow him to be at home amidst the images it offers ? Oi 
must our experts pass by on the Other aide of the road, leaving biro 
homeless? 


My own views and feelings merely echo those of Donald 
Nkholl expressed above and the compulsion I felt in producing 
this book was due to a desire, to show that evolutionar y biology is 
capable of leading st Catholic closer towards bis Faith, That is 
whv 1 have sub-beaded this section fhe Fzsib of a Catholic tiaguJ, 
and" I hope to justify this title in this last section and to go Mine 
little way in answer to Nicholas appeal. 

The writer lieie would like to emphasise again thai, while he 
writes in this section in a philosophical vein, be is not a pro¬ 
fessional philosopher, In all philosophizing On scientific subjects 
there is always the danger of failing into error, but this is a risk 
we must ell take. As W, M. Kyle 1 wrote: ‘The greatest Logical 
etror which can be made by a scientist is to mistake the direction 
of the investigation upon which be is engaged and to impart into 
his description:; or explanations hypotheses which, though 
perhaps relevan t and adequate in iinOthfif sphere of enquiry, may 
be quite wrongly applied to elucidation of the problem in band/ 
But* throughout this book when ar.v philosophizing has be«l 
attempted, it has dearly been concerned with the use of words, 
facts, hypothesis, or with an extended and derivative meaning 
which could legitimately be applied to the scientific topic under 
consideration. This ii philosophizing, mot on the scientific mattef 
as such, but on the hidden concepts which the scientific faces or 
ideas call forth in out minds. In this way then I atn merely 
philosophizing in the sense of 'thinking around* the subject, and I 
feel a compulsion to do so because I realize that the scientific 
theoty of evolution deals with the history and origin of animate 
things only at the evidential and phenomenological levels. At 
these levels, I think, it is not intellectually satisfying j, it seems to 
lack something; to be incomplete. As a philosopher may say, it 
does not touch on the 'essence* of things which is the realm of 
metaphysics, Many biologists know nothing of such essences— 
they find a sulficicnt explanation in the empiricism of their OWi) 
sdeodhc methods. This is a reasonable atdtude to hold* provid¬ 
ing one does not particularly wish to find a meaning in evolution, 

1 ‘SJSj P. TJ9, 
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or accepts i superficial mean ing, which unfortunately, if developed, 
may fond to real difficulties. For example, trusting in evolution as 
giving ar. explanation of things the evolutionist still finds it 
extremely difficult to glto-w sadsfisctOrLly that spiritual man is nor 
different jo kind from, the animal which his appreciation of the 
good, his knowledge of evil, his knowledge of tiuth and beauty, 
and most important, his Striving after God, clearly indicate, In 
vain do some evolutionists strive hard CO build up an evolutionary 
ethic, 1 hut their attempts ate not very convincing, and sOrue 
people would Say ate even futile, because they seem to overlook 
the basic principle that the truth of moral principles cannot he 
dedved from disciplines which arc not moral. 'Hie pdiuaty 
validity of moral judgments cannot be dedved from physical 
science. 2 T&'e prefer to believe that evolution gives us a scientific 
account of the progress of living things and nothing more at that 
level, and this applies even more SO to man whom evolutionists 
themselves -acknowledge to be a unique creature. As soon as 
science leaves the observable and the measurable levels it is no 
longer science, but philosophy, Hvoludon ilrtd biology may u*LL 
US something about the nature of man, hut In that aspect of himself 
which noak.5S him unique, man must make use of that vets' 
uniqueness in order to attempt to fertbcufti bis nature. Man is not 
just an animal; he is ft glorious creature made in the image of God. 
Unless then we can Interpret cvokdtm, unless Wt CM1 get a 
meaning out of it, contributing in some way eo an understanding 
of man's uniqueness, the theory will have litde value for ns 
beyond the realm of biology. Hence in this final section I 
attempt in a small way to interpret evolution ag it appears to me. 1 

One of the most important features that becomes evident about 
any living creature is that it ia an organism, it is an organic whole 
leaving in the way it does because of its organisation. An 
organiiadon may be raid to be a state of relationship between 
parts which is theoretically discernible and subject to the laws of 
cassation. It is a natural and realistic concept. Evolution is a 
study of beings in a state of becoming, and hence it connects to 
metaphysics, A modem Witter, 4 31. H, Philips, came to die con¬ 
clusion that purely mattrialisde evolution is impossible because it, 

1 Ssk T. Husky. 1947! G. G. SimpIMl, T£3 a . *nd C, K' Waddsnstafl, ] hi*- 
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decide^ finality^ and hence that Othei kinds of evolutionary tbeoty 
must take account of teleology and purpose and of the action o£ 
the First Cause. On the other hand, a scientific thenri $t may find 
these concepts unnecessary itl his work and may omit them. But 
both philosophy and tiie history of evolution show that die 
theorist would then he dealing only with a pact of the evolutionary 
idea, and thus his conclusions could only represent a partial 
approximation to the truth. The theory of evolution at the 
phenomenological level nekhei; affirms, not denies the philo¬ 
sophical, and particularly the metaphysical, connections. Again, 
Erisbois, 5 through a different approach, found that the problem of 
the origin Of species :S really a metaphysical problem of Onto¬ 
logical causality. In the sens* o£ one species changing into 
another by which is meant Ebat one spedcs becomes a different 
kind of species, Brisbols in the light of scholar Lie teaching con¬ 
cluded that; 'In Out Opinion we can legitimately draw the ecu- 
elution, that Tratisfonnism, understood in the sense explained, 
not only does not contradict die essential principles of the 
scholastic Ontology, but indeed harmonizes very wtl l with these. 1 

Ontological causality, however, is the proper study of meta¬ 
physics. Hence from this viewpoint sdso it would seem that 
biological evolution can never be complete of itself, and the 
deeper conclusions which biologists d raw from a biological study 
of evolutionary processes can never be other than relative con¬ 
clusions,. They must evidently be reoriented with othet relative 
conclusions from philosophy before the meaning of the concept 
can become known. A purely deterministic outlook on evolution 
would seem to ignore this relative aspect of the subject; a wider 
viewpoint is required. In this regard A. F. Taylor 2 remarked: 
‘Philosophy, no doubt, needs to make use of die concept of 
evolution, but a philosophy based Otl that conception must 
necessarily cod in illusion. 1 A scientific. Study of evolution and its 
Implications has already led at least one modem British writer on 
evolution, namely. Sir J. Huxley,to conclude that through evolution 
man has become at least partially 'spiritual 3 , and by implication 
that there is a certain amount of 'spirituality 3 in evolution itself A 
French-American writer, LftcOmEe du Nduy 3 seems to hold views 
of the same order. Borh writers considered man to be at the head 
of the evolutionary process, and that evolution in the future will 
a p. 44V -a ipfl?. 
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take place through progress in his intellectual equipment: and 
ideas. 

IF evolution is true, if the kW is .sound, then evolution is good 
and the cflect the process of evolution Ms on nature will be good. 
The evolutionary idea is Outstanding Jn one thing, and that is, it 
gives uS an impression of unity in animate nature, Through it the 
parts of animate nature ate united In ft cauSe-cUect relationship 
find in this feature it agrees with other methods of the inter¬ 
pretation. of nature. Thus, the effect of evolution is good. No 
other theory, or idea of the existence ftnd relationship of living 
things, docs this in the same degree.. If sense data regarding the 
nature of living things tend to the conclusion that living things 
are org&txi sms of particular kind*, then the sense data of evolution 
tend lo show that changing living things arc put/mrid 
moving in a definite direction. The individual living thing exists 
as an actufti being, hut because: of its relfttlQIllhip to its ancestors 
and to its descendants, the organizational pattern of the living 
actuality also possesses potentiality. It is always in a state of 
becoming, a state of becoming actual through gtOWth and SI state 
of becoming dUferent through development and evolution, A 
patterned organism shows motion in SI high degree. 

The con si deration oi'evolution as ft sequence of changes among 
living things indicates very plainly that evolution itself has a 
pattern, and the lines of this pattern move inexorably in One 
direction towards anincrense of complexity in Individual patterns, 
So tbac patterned organisms arc produced which represent the 
acme of development of particular patterns in pftttkulat SUtEOUnd- 
inga. The organism has to be adapted tn live. The greater case 
with which a particnial organism, overcomes a variety of changing 
surroundings, then the greater the complexity of that organism 
and hence of its pattern. This kst idea, perhaps represents the tell 
meaning of perfection in animate things. But only one patterned 
cieaturc is able to rise above his, surroundings SO much as to seek 
to control them. And, of course, that creature is man. Man as an 
animal shows himself to be the most complex of beings. Mid thus 
he represents the highest stage in the evolution of patterned 
organisms. He would, never have got beyond this stage of 
physical man, and may even have died out, if he had nor come to 
possess this ability to rise above and to control his surroundings- 
This feature which makes man pre-eminently perfect and adaptive 
z 353 
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is his rationality OF, to express it in St mote Specific way, hia 
inttiUtlual spiritual soul Hence the true interpretation of evolution 
becomes bound up with the natute and purpose of man. 

If WC remember (a) chat man as an animal is juat a complex one 
depending for bis animality on his patterned organismal condition, 
and (b) that in the evolutionary line has pattern has developed to 
produce an animat which is potentially capable of rising out of the 
sequence of ordinary biological events, then we can see plainly 
that the advent of the intellectual soul was a unique event in the 
natural world. It was an event which was not potentially present 
in cosmic nature qua nature, an event which was transcendent to 
the notmal process. 

The Christian religion and philosophy necessarily maintain that 
each human intellectual soul is truly a unique creation in the 
absolute sense. If this were not true the whole basis of that 
religion would be undermined. The soul is ’innmatetial and ElOt 
susceptible to direct investigation by empirical methods. Science 
Jh neutral regarding it, but need not ignore in Hence we may say 
tbat the creation of a new spirit, which, when infused into a 
certain one Of flte end-products of evolution, chat is physical man, 
formed an intellectual soul and produced the first rational human 
being. 'Hie human soul thus b.HS DO necessary connection with 
the life principle, or organization, of the organisms that preceded 
its creation (except in so far as this organisation was perfect 
enough to receive the SOul). Hence there was no break in the 
chain of nature as such, for the advent of the human soul is a fact 
above ordinary natural happenings; It is a gratuitous addition to 
nature- This is a reasonable conclusion for a tbeist, hut it seems to 
he one which pantheists are unable to arrive at because of their 
identification of nature With God. On our interpretation man is a 
Spiritual and physical creature, but his spirituality is such as to 
allow him to develop, or evolve, dong A plane which by de¬ 
finition has- no necessity connection With the purely physical 
sequence aa we experience, it. 

Evolution is invariably conceived both by biologist and 
philosopher as a continuous process. And this is probably true. 
It is said then that the advent of the human soul would introduce 
discontinuity, would break, the chain of nature. In cither words 
that it Would constitute an interference with die course of nature. 
While id no way denying the possibility that God may 'interfere 3 
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with His own oration if He so desires, 1 1 Suggest that the creation 
of thjfc first human soul, that of Adam, was not a break in the 
evolutionary line (see later). 

St- Thomas 3 wrote: 

Mow, in the actualizations of forms, there is a certain gradation. 
Fur prime matter is Jiist in potency to the firm of an elfinem, and 
when it exists under the form of Hn dement, LL is in potency to the 
form of a compound. considered under tSie foim of a compound it is 
in potency to -a vegetative life principle, for die {vegetative) soul is 
the actuality of end) a body. Again, the vegetative soul ia in potency 
to a sensitive, and the sensitive soul do an intellectual soul, as is 
shown by the process, of generation. For in the first place, in 
generation the fdtus livea with the life of a plant, afterwards, with 
animal life, and finally with human life. Eut beyond this form there 
ia no fu rthst or more worthy form in things capable of generation and 
corruption. Henor the ultimate stage of the whole process of genera- 
eion is the human SOul, and to this matter tends as to its ultimate 
form. Thui eLementa are fot die salit of compound bodies, and these 
in Cum fot living beings-, in which plants are for the sate of animals 
and animals for man, man bei ng the end of the whole generation, 

Thus St. Thomas argued that man is die end-point of the 
earthly scheme of things- In the Line of perfection there is t 
scheme ertdlfig in the most perfect earthly being which is man, 
and all things arc for his good and nse. In eh* biological field 
some biologists, including Sir jnlian Huxley, have argued that 
moj or evolution of plants and animals has ceased. Man is also the 
end-point of the evolutionary scheme, aild he is the dominant 
creature on earth. With his mental powers be would see to it chat 
no other creacure evolved sufflcieotdy to gain dominance over him. 
On. die biologic^ level we see that the various groups of animals 
have become specialized along certain lines which they pursue 
until cbey became over-specialized, Evolution shows that they 
are then naturally selected against and (He oat. 

Man, an the other hand, is not particularly specialized in the 
physical sense. Evolutionists invariably hold chat his body is 
rather generalized than specialized Mid indeed contains many 
primitive features. Thus bis body remains plastic. His 
specialization l ies in hifi brain, and the vety specialization of this 

lEmti in mbwloL God d«a fHK, Etrictly BptaMfiB, <iciter&K'. 'MlrtrV H (ffllj u 
wMd ordinatityined mdeieribetliE hl^nlyr!r.iiiuHL GodittilawurwallairiiH: i* bofi(r 
and in union and He cannot fostdotE interfere. 

* Stfrt jwui LL-n.'rj Gtnii'tf* 
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structure has given him the realiwition of his power. The ma- 
clusion from these couaide rat ions is that man's futdrer evolution 
lies Only in the evolution of his mental powers towards his 
psycho-sodai betterment, and toward-! the control of the 
evolutionary process Itself, Kefote the Tall Adam may have been 
intellectually £md spiritually superior to us, and it is reasonable 
then to consider that major evolution txased with him. We may 
JSy tine chain of major evolution reached itg natural end ’with the 
advent of Adam. From amoeba to physical man, as it were* the 
chain was complete and continuous. God may have willed the 
process to «ase there* but instead something new was. created, 
something which was not part of the purely biological process 
occurred j in the tree 5Cf.se of the word God created an intellectual 
spiritual SOul to inform the physical end-point of the atlimal body. 
It most not be thought chat this process Of the infusion of the 
human soul necessarily implies that mao is duftlistic, made up of 
two beings—a soul which happens to inhabit a body, as it were. 
This is not so* but may appear so because of the difficulty nf find¬ 
ing ordinary words to express it. A ffiiUl is just one being. The 
explanation can be given hy Thomistic philosophy which 
identifies the soul with substantial form and the form ia that which 
makes a thing what it is. The hutnan soul is essentially different 
in kind to other forms. This point was well expressed by L. Bright 
to ivhom the reader is teferren for a short review. Hrighl 1 wrote! 
'Soul ES simply that which by informing matter makes a being 
such as we are, who, like the Other animals, grows, feels, Sees, 
thinks, thanks to a structure biologically describable, But tliere is 
a human activity [hat differs from that of the animals, the activity 
of knowing and willing, and this requires uS to say that the human 
form, wluJe it is soil all tltat animal form was, has also become 
something radically different.' We must also remember that at 
death the human soul becomes separated from the body and 
exists as a distinct entity. The creation Of this radically different 
entity is not then a break in the natural continuity of an 
evolutionary process which had reached its natnrai end on the 
level of the animal, A Similar creation occurs whenever a baby is 
produced. It is in fact an addition to the evolutionary process and 
not an, interruption of it, as we have already mentioned. 

Thus, we tnay say, in the evolutionary picture we have drawn. 
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the unity Mid uniformity have not bcf.n upset. The taws of nature 
have 00t been upset. Thege taws remained as they were, dynamic 
up to the point which was their natural end, but henceforth 
Static, until something not subject to them WAs imposed on the life 
continuum. And HO the partecrted organism, became a spiritual 
and hence free being with a power of moral activity and with atl 
immense potentiality fbt development {ot evolution) of that 
unique feature which made him flee. Evolution may thus be said 
to have a certain 'spirituality* about it, because it helped to 
produce this free being. Intellectual and spiritual freedom ij a 
gift which expresses itself only through the brain ut mind, 
because it may be thwarted in diseased brains, but it is not just a 
mental concept, or process. It is something fundamentally in¬ 
dependent of mete mentality because it may, and often does, find 
its highest expression in people of less than average mentality. It 
seems that there is a pattern in freedom too, and hence it may 
develop dilfelendy in different individuals. 

Although freedom in an individual may be absolute in the sense 
that he may malic a choice, it is also relative in. that he ttVuit 
choose between things or ideas ptOpoSed to him. It is the pattern 
of freedom which SCCcOS to be concerned with this relative aspect, 
and, if freedom represents in a word the differentiation of man 
from the feat of die animate creation, then the pattern of freedom 
can only work towards st perfection of hscif, which will be seen as 
an enhancement of ids moral and spiritual activities . Being free it 
tad Cully become mote free at a higher level. And, escept for the 
mote mundane and humafiMMlStn. aspect pf ensuring that all men 
arc allowed the tight use of freedom in the relative sense, this 
seems to be as far as mete evolutionary ideas can take US, 

Tn conclusion we may say thaL the materialist evolutionist 
accepts views of evolution leading to the conclusion that man LS 
the supreme product of the process, and that by further evolution 
he should endeavou r to direct the. pious through his eiperience, 
knowledge and ability to transmit these to future generations, to 
produce a better race of men which may attain to more happiness 
and good Jiving than wc enjoy. Possible lines of approach to, and 
attack on, the problem of the control of human evolution have 
indeed been seriously outlined by C. D, Darlington. 1 IrJ the 
pievious section we. mentioned a scries of articles in the jwiffiiy 
1 i?l&, pp. t+-^ 
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Tims' begun by Sir Julian Huxley. We welcomed the recognition 
that itl-An is a unique creature possessing what Huxley called 
"spirituality 3 . Ln chc East article of this series, however. Sit Julian 
considered religion last. Having given complete pre-eminence to 
evolution lie could see religion only in the light of evolution and 
so he fell into pantheism. According to Sir Julian* the old 
religions are due to he swept sway* and a new religion must be 
evolved. He saick 'So far as I can see* the only chance of securing 
a religion which will unite humanity instead of dividing it is tD 
build it round the can cep: of evolutionary fulfilment* with belief 
Lei human possibilities as its central core and scientific method as 
its chief weapon.' To a man of religious Faith this is a ghastly 
picture ignoring the highest human aspirations, and it shows 
clearly that the meaning of the Christian religion has not been 
attained. The 'spirituality' which is found in evolution is 
obviously not the same as true spirituality according to its old 
meaning, and yet the mete use of the word in an evoludonary 
context is an indication d’.at there is something beyond evolution 
which is to be sought after. If I may express i t thus way, the error 
in Sir Julian's interpretation of evolution lies in 'deifying' it by 
considering chat evolution ES the fdiiitiittt force of the universe. 
I his perhaps is due to an underestimation, of the true nature of 
spiritual man and of the spiritual and biological meaning of the 
Incarnation, 

Between evolutionary materialists or agnostics of this bind and 
the Catholic or Chrisdan biologist lie the tremendous facts of the 
Incantation and the RedcLoptioo which alone are the Hope of 
mankind, HisEOty Shows Only too plainly chat without thfc&e man 
himself merely desteoys his kind. The Catholic, however, can 
readily subscribe ca die furtherance of hu man happiness* providing 
it is happiness, and to the betcermcn t of living conditions* because 
these dungs are good in themselves. But, at the beginning and 
end of all his activities be places God, his Creator* WllO made him 
K> know Him, loye Him and Serve Him for ever. Wear the be- 
ginndug of this chapter wc began by pointing out that the 
Incarnation atad the Redemption were the central pivots of 
Christianity. were redeemed hy Jesus Christ who is God and 
to an. The Second Person of the Trinity took to Himself a human 
nature in Order to undo the sin of Adam. It is this vitally im- 
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port ant fact which changes everything, without which human life 
is empty find meaningless, but which, when acknowledged in 
Faith, gives direction, fuflncss > hope and purpose to our lives, 
Christ )S perfection itself, and may We not imagine that the human 
body ready to be infused by the human SCutl load itself also reached 
such a state of physical perfection as to fit it lo he the future abode 
of Christ, The fact that Christ became man is itself ati indication 
that man in his body is the end-point of evolution. 

Thus the conception of an evolutionary process in nature 
which is a product of [he Divine Will pDSLts the answers to the 
enigmas of life and its progress. Life as we know it by experience 
is ft material phenomenon, and in conjunction with evolution, we 
may say thftt it has led K> the production of a material being, or 
end-point, in the process which is capable of being united to the 
immaterial but yet distinct. J- L. RosselL 1 wrote: 

We can prove with complete certainty the existence of an Omni¬ 
potent, Eternal, Necessary UeLng from the esistcjire of matter and 
motion, both of which, hke everything else, were created by Him, 
are conserved by Him, and are subject to His- will in ail things. Once 
dus is dearly recognized, die question whether or not the whole 
realm of physical nature was produced by purely natural laws 
becomes, horn the theological polot of view, unimportant. What Is 
certain wd important :a that God intended, from aU eternity, to 
create Man and to put him in this world as die crown of this parti¬ 
cular order of creation, and that He took those means which He saw 
to be most suitable for the purpose, Ai bme goes on, we may hope 
to see ever more clearly what those incans were. We have no cause 
to be alarmed at the prospect chat they may have been the ordinary 
laws of nature. 

Life. leads to Man, and mm has become endowed with ft 
spiritual nature which sets him apart from his maEerialantocedtntS, 
but does not obliterate them . 2 


H sfrscs tile abuvu Wfl written na Enjiiiih ttarsslni™i ot'Tcllhpnl d± □’.ntdin'i J Ar 
PiwFKtenvfl hjr- been pifcMtd (tjrejL lo ihlo ouWaudinE apd 

«Hd.y rjF cran which SCfilu fci the fiitt time re a ilra nri ovtNilJ intellectual eft- 
pbuiB.Ot.TtL of the meaning of cvolwte in terra of UiMl and the resciuS, it iimternrt- 
hlS in note that Tdlhatd finally nttempH (0 telnte evolution <0 the mm create*! fact 
□Fthe LieaTftaiioo. A= he wy tip. tg?]t J Chriic iii«tU hinisdf Otpcitally wife the 
wy mierty uf bifl citation,. And It lfi ill HO W»Y mtnpbctf lal to my ttrt! OWi Tin* 
hi me elf eatable of expericmeillf! and discavetiOE ha Crcd in I he whotelenBa 
bf tfidth ini depth ofthewofld io movement. Tube *Ut (0 Iltntlhy “ hfS 
CBifl iota hull, not anly wife *H one's body, *11 one a treat? and ail one t Stju h 
with every ohte of the on :Eying unlvctae-'-Dint it a prtyet that can Otlly tie ramie 10 
spoor-tune.* 
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*0 God, Who in creating human nature didst wondecfullv 
dignity it and still more wonderfully -reform it, grant that by the 
mystery of this water and wine we may he made partaken; of Hk 
Divinity Who deigned to become partaker of our humanity . . .* 
Tti Christ we contemplate tlie mystery of the union of two 
Natures, the Divine Nature and the human nature. In the Mass 
we symbolize this mystery by mining wsne and water with the 
above piaver which also asks for US to become partakers of the 
Divine Nature. God created human nature and still more 
wonderfully reformed it. B y analogy might not the union of the 
highest patterned Organism With the unique intellectual and 
spiritual soul of preternatural man syrnholiac also the Incarnation 
and give US a reason for our animal and spiritual nature p We are 
made m tire inrage and likeness of G od, and Our ultimate purpose 
is a spiritual one which transcends our animal one as Christ's 
Divinity transcends His humanity- In terms of evolution 
cnawtEaiiEy has ceased and immateriality has taken over. We may 
advance further in the realm of the intellect wherein we become 
truly free. Thus, knowing we have life within uS, and knowing 
we are evolved creatures specially chosen to make n free choice, 
the highly evolved mao turns to the source of his powfer. Biology 
and evolution, then, wedded to a philosophy of universal con¬ 
cepts, give an interpretation of the highest potency, leading to 
lofty aspirations which lie only in the cultivation of the intdLUet 
towards the Absolute Good. 1 A consideration of life and it? 
progress naturally leads u$ to the nature and purpose of man 
which is to love God. Out feather development thus lies along 
lines which develop and concentrate coir love of God' in a word 
along the line of sanctity in all its many aspect* and by doing so 
we may achieve our spiritual and evolutionary destiny, Anythiog 
elsa is either ccntraiv to this God-willed scheme of evolution, Or 
is itcuteaL and ineffective. 

* Slrjit wddflg tbi tbfirfc I lav* Kid E L. ■Modo.IL'i Christian ’Tbioisgj <a£ 
Nan vei Sdtna (195^) in vhicji rery afrnilftf vit^* ?fi(l Krtlimcnfi; re tbaic gtvE.1 
in 'iii: tbipltr uic ;r;.icji crerc nbty ■; ^-zoL.ndcd. 
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